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BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention pertains to the field of software, computer systems and related 

5 methods including models that operate through the use of finite analysis, finite volume, 
and/or finite difference techniques. 
Description of the Related Art 

Finite element, finite volume, and finite difference modeling techniques can 
generally be described as mathematical approximations of often-complex problems that 

10 represent physical behavior. The mathematical models are useful in designing physical 
apparatus or systems and in predicting the behavior of existing apparatus or systems. 
These models use a mesh or grid that is superimposed over the system being studied 
to provide a plurality of cells or elements. These elements may be modeled in multiple 
dimensions, for example, one, two, or three dimensions. Mathematical equations that 

15 represent or approximate physical or quantitative behavior are applied to each cell with 
the resultant formation of a system of equations that are expressed as matrices, and 
that are solved using generally known techniques of linear algebra. Such mathematical 
techniques commonly involve iterating through a set of equations until a threshold 
convergence is achieved, i.e., until the difference between successive iterations through 

20 a system of mathematical approximations becomes so small that it is suitably negligible 
with respect to the exact or rigorous solution of the system of equations being modeled. 
The term "finite analysis" is hereby defined to include finite element, finite volume and 
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finite difference models. 

A variety of patents have issued on various finite element and finite difference 
techniques. For example, U.S, Patent Nos. 5,956,500 and 5,901,072 pertain to a 
method for incorporating boundary conditions into a finite analysis model. These 

5 patents disclose generating a finite analysis model having a finite element shim 
interposed between a test bar and a ground, where the characteristics of the shim are 
selected based upon measured natural frequencies of the test bar. U.S. Patent No. 
5,768,156 addresses a method of automatic mesh generation for finite analysis. The 
meshes are generated using whisker chords to form all-hexahedral elements. Similarly, 

10 U.S. Patent No. 5,731 ,817 pertains to a system that generates a hexahedron mesh and 
then performs finite analysis on the mesh. U.S. Patent No. 5,581 ,489 discloses a model 
generator including data input for an object to be modeled, a material information 
generator providing material properties for the object being modeled, a mesh processor 
for generating a mesh, and an output generator coupled with a finite analysis processor. 

15 U.S. Patent Nos. 5,553,206 and 5,315,537 pertain to automatic mesh generation 
systems. 

Finite analysis programs that provide solutions to specific problems are 
commercially available. For example, ABAQUS is available from Hibbitt, Karlsson and 
Sorenson of Pawtucket, Rhode Island to model structural mechanics and nonlinear heat 
20 transfer. ANSYS is available from Ansys, Inc, of Canonsburg, PA to model structural 
mechanics and heat transfer. ASTMA is public domain software available from the 
National Aeronautics and Space Administration (NASA) that models heat transfer and 
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ablation. IDEAS is available from Structural Dynamics Research Corporation of Milford, 
Ohio to provide pre and post-processing images of the model. SINDA from SINDA, Inc. 
of Tempe, Arizona models heat transfer. TEX CHEM models chemical reactions and 
chemical equilibrium. RECESS is a program developed by Thiokol Propulsion of 

5 Brigham City, Utah to model internal ballistics. CDCA is a computational fluid dynamics 
program developed by Pennsylvania State University to model crack combustion where 
a fracture in a propellant affects burn condition. CCM is a similar computational fluid 
dynamics program available in the public domain, and is available from the Air Force 
Research Laboratory (ARFL). 

10 Many specific examples of the need for finite analysis programs exist, for 

example, in the field of rocketry and missile maintenance. In fact, the commercial finite 
analysis programs that are mentioned above have many specific applications in this 
field. For example, the public domain ASTMA program and derivatives thereof can be 
used to model the burning away of material from a rocket engine nozzle. 

15 A problem exists in the field of finite analysis modeling because engineering 

specialties do not encompass a wide array of specialized problems that are presented 
by complex physical situations. For example, the burning of a solid fuel rocket motor 
presents a multifaceted problem including structural mechanics, material properties, 
internal ballistics, chemical reactions, heat transfer, crack combustion, and fracture 

20 mechanics. An engineer who is modeling only one of these problems using a 
commercially available or proprietary finite analysis program for this purpose may 
require a full year just to become proficient at using the package. Such engineer is 
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typically not trained in more than one or two of the specialty problem areas and is often 
incapable of running models in areas outside his or her area of expertise. Very few, if 
any, engineers succeed in acquiring the training that is required to model all aspects of 
this problem, and a team of modelers often is required to produce modeling results 

5 through a laborious process involving the transfer of model results between different 
engineers and/or finite analysis codes. 

It is typical in the finite analysis art that there exist separate programs to model 
computational fluid dynamics, structural mechanics, heat transfer, internal ballistics, etc. 
This segregation of problems exists, in part, due to the lack of overlap in specialty areas 

10 as described above, but it also exists because the situations encountered for actual 
modeling purposes are very diverse and require flexibility if the model is to have 
optimum results. A great deal of effort may be expended to develop a comprehensive 
model where the usefulness of the model diminishes with its complexity. 

The foregoing problem is normally addressed by a sharing of data between 

15 engineers or engineering groups that encompass multiple specialties. This sharing of 
data leads to additional problems. An engineer receiving model results from another 
engineer for further processing does not necessarily understand the model results that 
he or she has received, and this circumstance can lead to computational error. For 
example, the preceding engineer may provide results from a less thorough model than 

20 is required for optimum results in subsequent calculations, or problems may arise 
through the nodes of meshes being at different locations when data is passed from a 
first model to a second model. 
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Special problems also arise when an engineer receives prior calculation results 
and uses them as input in a subsequent model addressing a different problem because 
subsequent calculation results may affect input for the prior model. For example, ah 
internal ballistics program may be used to calculate internal pressures in a solid fuel 

5 rocket motor. These pressures are subsequently used in structural mechanics 
calculations where the rocket fuel deforms in a visco-elastic manner. The volume 
changes from the structural mechanics solution have significant effects upon the 
internal ballistics results which, in turn, affect the structural mechanics model. Thus, a 
repetitive sharing and transfer of computational results is required from successive 

10 iterations until the effects of the separate programs upon one another between different 
runs become negligible. Furthermore, the respective modelers may even be unaware 
that their individual model or an aspect of their model results can affect other models 
that provide results including input data for subsequent models. 
Objects of the Invention 

15 Accordingly, an object of the present invention is to provide a finite analysis 

modeling system that permits the user to identify a joint problem for coupled solution 
through the use of a graphical user interface or a scripting language. 

Another object of the invention is to provide a single interface that ties or couples 
together a plurality of finite analysis programs for purposes of solving complex problems 

20 while maintaining flexibility. 

Another object of the invention is to provide data linkages for coupling programs 
in a predetermined manner to facilitate coupling for the user. 
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Yet another object of the invention is to facilitate user-specified complex solutions 
without requiring the user to understand all aspects of each discipline. 

These objects and advantages, as well as other objects and advantages will be 
apparent to those skilled in the art upon reading the attached drawings together with the 
5 accompanying specification. 

BRIEF SUMMARY AND OBJECTS OF THE INVENTION 

A computer system, as well as associated software and methodology are 
provided for obtaining a joint solution through the use of multiple finite analysis 
10 programs. The system, software and methodology tie or couple together a plurality of 
finite analysis programs for purposes of solving complex problems while maintaining 
flexibility though the use of a graphical user interface. 

Preferred embodiments operate in an environment of use where there is memory 
storage for first and second finite analysis programs. The first finite analysis program 
is acts upon first program input values to provide first program output values based upon 
the first program input values. The second finite analysis program acts upon second 
program input values including a first joint data set having at least a subset of the first 
program output values. The second program output values include a second joint data 
set of values that can be used as first program input values. One of the first and second 
20 finite analysis programs is a computational fluid dynamics program. 

As mentioned above, the software and the method, as well as the computer 
system in an electronically programmed state, all utilize a graphical user interface that is 
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operable to identify a joint problem that both the first and second finite analysis 
programs can jointly and in combination solve, and to specify at least one criterion for a 
joint solution. Data processing linkages between the first and second programs, and 
the user, provide the first program input values to the first program. Embedded 

5 commands in the graphical user interface or related programs execute the first finite 
analysis program to obtain the first program output values including the first joint data 
set. Data processing linkages between the first and second programs then provide the 
second finite analysis program with second program input values including the first joint 
data set. Embedded commands in the graphical user interface, related programs, or a 

10 scripting language execute the second finite analysis program to provide second 
program output values including the second joint data set. Data processing linkages 
between the first and second programs then provide the first finite analysis program 
with first program input values including the second joint data set. 

An aspect of the software, system, and method is that the criterion for the joint 

15 solution specified through the graphical user interface preferably includes an iterative 
convergence criterion for threshold convergence of the joint solution. The program 
instructions, as well as the methodology of operation, then include repeating the steps 
of providing data and executing the first and second programs until the specified 
threshold convergence criteria is achieved. This iteration, which is performed outside 

20 the boundaries of the first and second finite analytical programs, is performed 
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automatically and without user intervention after the initial data input and execution of 
the first and second programs. 

Another aspect of the software, system and method is that the graphical user 
interface is optionally used to identify the joint problem by selecting the joint problem, in 

5 combination with the computational fluid dynamics problem, to preferably include an 
additional finite analysis problem selected from the group consisting of structural 
analysis problems, heat transfer problems, chemical reaction problems, chemical 
equilibrium problems, internal ballistics problems, and fracture mechanics problems. 

A third, fourth, fifth or additional programs may be selected in like manner and 

10 placed in the coupled or joint program execution for convergence among all of the 
programs. For example, where a third program is selected for use in the coupled 
solution, the third program acts upon third program input values selected from the group 
consisting of first program output values, second program output values, and 
combinations thereof to provide third program output values. The third program output 

15 values include a third joint data set comprising input values selected from the group 
consisting of first program input values, second program input values and combinations 
thereof. The method of operation then includes executing the third program to produce 
the third program output values including the third joint data set. The third joint data set 
is provided, as needed, providing the third joint data set to the first and second finite 

20 analysis programs with corresponding input values selected from the group consisting 
of first program input values, second program input values and combinations thereof. 
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Iterative threshold convergence can then be achieved according to convergence criteria 
specified through the graphical user interface. 

The software, system and method can be applied to a number of problems, for 
example, in the field of missile design and maintenance. For example, where a solid 

5 fuel rocket has maintenance operations performed on it, and these operations provide 
computed tomography results showing a crack in the propellant, the effect of this crack 
may be modeled to determine whether the crack will prevent the missile from 
completing its intended purpose if launched. In this case, the computational fluid 
dynamics program may be a crack combustion program, the system provides means for 

10 modeling crack combustion in a missile based upon computed tomography taken from a 
missile, and the other of the first and second programs is, by way of example, a 
structural analysis program. 

The finite analysis may be supplemented through use of a programming 
language, especially an extensible object, oriented scripting language that is capable of 

is issuing calls to a variety of other programming languages. In this manner, a software 
screen or shell may be built to provide, for example, a function library that duplicates the 
GUI functionality using direct commands in the guise of scripted functions which operate 
across the boundaries of multiple operating systems, multiple programming languages, 
and/or data translations, as required to couple a plurality of programs. The scripting 

20 language preferably has looping and decisional logic capabilities giving the user infinite 
control over the operation of a variety of coupled finite analysis programs. The scripting 
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language and its associated function library may optionally be accessible from the GUI. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of a preferred system embodiment according to 
one aspect of the invention; 
5 Fig. 2 is a process schematic operational diagram for the system of Fig. 1 ; 

Fig. 3 depicts a midsectional view of a rocket motor having various defects that 
are modeled by finite analysis causing mesh boundaries to change, in order to provide 
additional detail with respect aspects of the preferred method illustrated with respect to 
Fig. 2; 

io Fig. 4 is a schematic representation of menu cptions for a preferred graphical 

user interface that operates according to another aspect cf the invention; 

Fig. 5 depicts a selected model that can be created using a scripting language to 
couple a plurality of finite analysis programs; 

Figs. 6-11 are part of the interactive online user's manual of Appendix 1; and 
Figs. 12-92 comprise the computer program listing of Appendix III. 
15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS AND METHODS 

According to one of the various embodiments of the invention, there is now 

shown a schematic computer system that is programmed to an electronically configured 

state through the use of software for the performance of a method, as described above. 

The system, software and methodology tie or couple together a plurality of finite 

20 analysis programs for purposes of solving complex problems while maintaining Flexibility 

though the use of a graphical user interface. By "coupiing" it is meant thai the results 
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from one finite analytical model are provided to another model as input. For example, 
the results from a first model may be provided as input to a second model, and the 
results from the second model may optionally be provided as input to the first model". 
This process may be repeated until a user-specified convergence is achieved. 

5 Fig. 1 depicts a schematic diagram of a computer system 100 including a central 

processing unit (CPU) 102 that is linked to a magnetic or optical storage medium 104, a 
display 106, such as a flat panel plasma display or cathode ray tube, and input/output 
devices 108, such as a computer keyboard, a pointing device such as a trackball or 
mouse, other computers, and additional magnetic or optical storage media. The 

io hardware components 102 through 108 of system 100 may comprise those that are 
found in most personal computers and engineering workstations. 

As shown in Fig. 1, software from storage media 104 or I/O devices 108 has 
been used to program a graphical user interface (GUI), which is represented by a GUI 
RAM block 110. The GUI 110 is used to interface with a user through I/O devices 108 

15 to identify a plurality of programs for coupled execution. These programs are 
represented by RAM blocks 112-120. Block 112 includes a first finite analysis program 
that provides a computational fluid dynamics solution. Block 114 includes a second 
finite analysis program that provides a structural solution. Block 116 includes a third 
finite analysis program that provides a heat transfer solution. Block 118 includes a 

20 fourth finite analysis program that provides a ballistics solution. Block 120 includes a 
fifth finite analysis program that provides a mesh generator program. The mesh 
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generator program is not used in iterative convergence, but it is used to generate 
individual meshes for use in each of the first, second, third, fourth and fifth finite 
analytical programs. 

The system, software and method preferably operate in an environment of use 

5 where there is memory storage for the first and second finite analysis programs 
corresponding to blocks 112 and 114, for example. The first finite analysis program 
acts upon first program input values to provide first program output values based upon 
the first program input values. The second finite analysis program acts upon second 
program input values including a first joint data set having at least a subset of the first 

10 program output values. The second program output values include a second joint data 
set of values that can be used as first program input values. One of the first and second 
finite analysis programs is a computational fluid dynamics program. 

An aspect of the software, system, and method is that the criterion for the joint 
solution specified through the graphical user interface preferably includes an iterative 

15 convergence criterion for threshold convergence of the joint solution. The program 
instructions, as well as the methodology of operation, can then include repeating the 
steps of providing data and executing the first and second programs until the specified 
threshold convergence criteria is achieved. This iteration, which is performed outside 
the boundaries of the first and second finite analytical programs, is performed 

20 automatically and without user intervention after the initial data input and execution of 
the first and second programs. 
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Fig. 2 is a block diagram of a process 200 representing the operation of system 
100. Step 202 entails using the GUI 110 to identify a problem for coupled solution 
between two or more of the programs shown in RAM blocks 112-118. Data linkages, as 
well as a sequence of operation for the respective programs to solve a coupled solution, 
5 have been previously entered by an expert or team of experts in coupling the finite 
analytical programs. 

Data for these solutions is provided to the system 100 in step 204 where, for 
example, computed tomography data from missile maintenance operations may be 
provided as input for a structural model. Additional data including such data as 

10 materials properties; the specification of materials; boundary conditions of temperature, 
pressure, force, and any other useful data, is provided as needed by the specific 
analytical programs. A mesh generator program, such as the fifth program 120 or a 
plurality of such programs designed for specific applications, is also used to provide 
data input in the form of mesh generation. 

15 Step 206 preferably begins once the data input of step 204 is concluded, as 

shown in Fig. 2, but the process 200 may also interrupt itself to ask the user for input at 
any time. The first program is executed in a sequence of execution designed by the 
expert or team of experts. The execution of the first program in step 206 provides first 
program output including a joint data set that may be shared, in step 208, as input data 

20 with the second finite analysis program shown in block 114. Additional data subsets 
may be generated and shared with any other of the finite analysis programs in blocks 
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116 and 118, for example. The second finite analysis program is executed in step 210 
with a similar sharing of data in step 212. In step 212, however, the second program 
output may provide a second joint subset of data that can be used as input data for the 
first program once step 206 is executed again. The remaining programs are executed 

5 in a similar manner with appropriate data linkages being provided in cooperation with 
executable code associated with the GUI 110 so that the user does not need to specify 
data linkages to obtain a coupled solution. 

In preferred embodiments, a portion of the data input in step 204 includes a 
criterion or criteria for iterative threshold convergence. For example, where the 

10 ballistics block 118 produces pressure data that modifies the program input for the 
structural block 114 due to the elastic deformation of rocket propellant, the initial 
boundary condition of pressure in the structural block 1 14 may be modified with time, as 
may the pressure conditions of the computational fluid dynamics model 112. The 
change in pressure from the ballistics model causes the structural volume results to 

15 change, as computed by the structural block 114. In turn, the computational results 
from the structural block 114 including an altered volume may be supplied as input to 
the computational fluid dynamics block 1 12 to obtain still different pressures. Both the 
volume results from structural block 114 and the pressure results from the 
computational fluid dynamics block 112 may, in turn, be supplied as input to the 

20 ballistics block 118. 
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In step 216, this iterative procedure continues with repetitive iterations through 
steps 206, 208, 210, 212, and 214 until the specified convergence criteria or a 
maximum number of iterations representing a probable divergent solution is achieved. 
For example, the user-specified convergence criteria may indicate convergence when 

5 the total pressure change for computations in the ballistics block is less than a fixed 
value, e.g., one-half psi between successive iterations; when the volume change in 
successive iterations through the structural block 114 is less than a predetermined 
delimiting percentage of the total volume; when calculations for the same value 
obtained as output from different programs match within a delimiting percentage; 

10 combinations of these examples; and any other useful convergence criteria. 

Where convergence is determined to have been met in step 216, a post- 
processing step 218 stores the results, provides a visual display of the results on the 
display 106, and prints the results as needed. Step 218 also entails any other desired 
post-processing step. 

15 Step 220 entails the interpolation or projection of meshes for reasons that are 

illustrated, by way of example, in Fig. 3. In summary, mesh boundaries frequently move 
as a result of physical responses to system stimuli, e.g., heat, pressure, strain, and 
ablation, so that the model boundaries must be adjusted due to these movements. Fig. 
3 depicts a section 300 of an aging cylindrical solid fuel rocket motor. The motor 

20 includes a composite outer shell 302, a liner 304 that is used to protect the outer shell 
from burn-through during launch, an inner core 306 of visco-elastic rocket propellant 
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306, and an interior core 308 comprising a burn chamber. Conventional maintenance 
operations including computed tomography have diagnosed an area 310 of debonding 
between the propellant 306 and the liner 304. Computed tomography has also 
diagnosed a crack 312 that is growing in the aging rocket propellant. Finite modeling 
5 has provided a coupled solution involving internal ballistics, structural, and 
computational fluid dynamics to demonstrate various flow regimes including regimes 
314, 316, 318, 320, and 322. A few rocket motors have been known to explode due to 
cracking of the propellant as shown in crack 312. 

The propellant region 324 tends to deform more readily due to higher velocity 
10 downstream of crack 312, which results in a higher upstream pressure. Flow conditions 
around the crack 312 have a Bernouli effect that results in decreased pressure in flow 
regime 320 downstream of the crack 312. The regime 320 narrows the flow through 
regimes 316 and 318, and imparts increased velocity. Flow regime 322 is a relatively 
low pressure flow regime. Another potential problem is that the propellant 306 may 
15 strip away from the debond area 31 0 with disastrous results. 

The computational fluid dynamics model begins calculation using a cylindrical 
mesh (not shown in Fig. 3) having an outer radius equal to the inside diameter of the 
propellant 306. This outer radius is shown as lines 334 and 336 in Fig. 3. As shown in 
Fig. 3, the computational results from a first pass iteration of the coupled programs have 
20 moved the inner diameter of the propellant 306 out to lines 326 and 328, primarily due 
to deformation of the propellant 306. Convergence has not yet been achieved, so it 
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becomes necessary to adjust the associated meshes and relevant boundary conditions 
to account for the deformation of propellant 306. Boundary condition projection is 
performed by projecting the results from the fluid mesh at lines 326 and 328 to new 
boundaries at lines 330 and 332. Pressure results for CFD, for example, may be 

5 projected to new boundaries of the structural mesh at lines 330 and 332. 

Projecting of boundary conditions is done by locating associated positions on the 
complimentary mesh and extracting the necessary data to create comparable boundary 
conditions on the current mesh, i.e., the mesh that is receiving the boundary conditions. 
Usually, the associated position is perpendicular to the surface of the receiving mesh, 

10 but may be the closets point if the perpendicular is not usable. The boundary conditions 
are then created on the current mesh from data on the complimentary mesh. 

Alternatively, where the initial pressure assumption is too high, the initial mesh 
for the computational fluid dynamics model may be found having a radius at lines 330 
and 332. In this case, the computational results show the propellant having moved 

15 radially inboard to lines 326 and 328. In this alternative case, an identical method of 
projecting boundary conditions can be used. 

Differences between iterative steps may require the boundary of the mesh to be 
modified. Large differences may require the finite element mesh to be remeshed for 
use in subsequent calculations. Results and boundary conditions must now be 

20 transferred to the modified mesh by interpolation for the analysis to continue. If mesh 
interpolation is not desired, or if the fracture geometry prevents interpolation, the user 
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may be prompted to assist in the generation of a new mesh over the region of concern, 
or an entirely new mesh may be generated over the new boundary by a mesh 
generation package. Techniques for automated mesh generation to discretize a model 
of a body are generally known. Examples of such techniques are included in the 

5 foregoing discussion of related art, e.g., U.S. Patent No. 5,729,670, which is 
incorporated by reference to the same extent as though fully disclosed herein. 

As mentioned above, the software and the method, as well as the computer 
system in an electronically programmed state, all utilize a graphical user interface that is 
operable to identify a joint problem that both the first and second finite analysis 

10 programs can jointly and in combination solve, and to specify at least one criterion for a 
joint solution. Data processing linkages between the first and second programs, and 
the user, can provide the first program input values to the first program. Embedded 
commands in the graphical user interface or related programs execute the first finite 
analysis program to obtain the first program output values, including the first joint data 

15 set. Data processing linkages between the first and second programs then can provide 
the second finite analysis program with second program input values including the first 
joint data set. Embedded commands in the graphical user interface, related programs, 
or a scripting language can be used to execute the second finite analysis program to 
provide second program output values including the second joint data set. Data 

20 processing linkages between the first and second programs then provide the first finite 
analysis program with first program input values, including the second joint data set. 
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Fig. 4 depicts a plurality of graphical fields such as may appear, for example, on 
the CRT of a user who is interacting with the graphical user interface of the preferred 
embodiment. The graphical elements are also known as fields, and may be accessed, 
for example, by clicking the button of a mouse to reveal additional menu options or 

5 icons that are associated with each field. 

A GUI 400 includes a file field 402, which includes submenu options (in bold 
font) including functionality to open a new file; open an existing file, close an active file; 
read data for input to a list-selected finite analysis program and configure that program 
for options and units; write data for input to a list-selected finite analysis program and 

10 configure that data for options and units; translate data from one finite analysis 
program to another between a list of read from programs and a list of write to programs; 
save the current file and save as a new filename; print the data representation on the 
screen, print preview, print setup, copy the data representation on the screen, and 
exit the program. In summary, these submenu options permit the user to manage and 

15 access the program data files. 

A create field 404 permits the user to interact with a mesh editor to identify the 
location and type of mesh. The mesh is drawn interactively based upon user-specified 
parameters up to and including automatic mesh generation. The create field 404 
includes submenu options including whether the mesh system is based upon 

20 rectangular, cylindrical or spherical coordinates, the reference plane that is viewed on 
the screen, and the starting coordinates of the mesh. A point option permits the user to 
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enter points based upon numerical coordinates or to enter points by using the mouse to 
select points. A curve may be drawn as a line, arc, circle or spline. A surface option 
permits the user to create surfaces from a list of predetermined boundary curves, eig., 
spheres, cylinders, and planes, or by extruding or rotating curves. A volume option 

5 permits the user to create volumes from a list of predetermined boundary surfaces, 
e.g., spheres, cylinders, and planes, or by extruding or rotating a surface. A node 
may be created by entering the location of the desired node. The nodes may be 
connected by specifying elements that connect the nodes, as well as element 
geometrical behavior and material type. Nodes may be assigned positional constraints 

10 that may also be related to adjacent nodes and free faces. The nodes also have labels 
and are assigned special graphical representation, e.g., colors. Once a surface or 
volume has been generated, a mesh option permits the automatic generation of a mesh 
over the surface of the body or a mesh representing the volume of a body, together with 
entry of material properties for the mesh or elements of the mesh. Nodes, faces, 

15 elements, points, curves, surfaces, and volumes may be treated as a group that shares 
special properties. Boundary conditions may be defined including pressure, restraint, 
force, moment, temperature, convection, radiation, heat flux, point source, volume 
source, specie concentration, specie convection, and specie flux. New materials may 
be added and material properties may be entered to a database that tracks material 

20 properties. Similarly, chemical species may be added and chemical reactions may 
be entered into an interpretive equation editor. Additional tools for displaying the 
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meshes include a plurality of CAD related menu options, e.g., to view a mesh or access 
geometry creation functions. In summary, the 'create field provides an interactive 
mechanism for creating meshes, creating boundary conditions, and assigning chemical 
and material properties to components of the meshes. 

5 An edit field 406 permits the user to modify the work plane that is represented 

on the CRT for viewing. The orientation of the work plane may be designated by 
coordinate entry, and the character of the work plane can be designated as rectangular 
or cylindrical. The color and appearance of mesh or body components may be 
changed, e.g., as by changing the color of points, curves, surfaces, volumes, nodes, 

10 and elements. Chemical reaction data may be edited. In summary, the edit field 
permits the user to change the appearance of an existing mesh without deleting 
elements of the mesh or body. 

A delete field 408 has the same list of submenu options as does the create field, 
except the submenu options are used to delete elements, as opposed to creating them. 

15 Additionally, boundary conditions may be deleted in sets of related boundary 
conditions. A list field 410 is used to provide a list of items encompassing the same 
menu options that exist for the delete field. 

A post-processing field 412 contains submenu options including 
superposition of calculation results on the mesh; interpolation of results from one 

20 mesh to another as specified by model names for the meshes; interpolation to nodes, 
or centroids, and to average results; deformed geometry may be shown to compare 
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the degree of deformation in a system component as brought about by the predictive 
model results; contour plot, vector plots, and X-Y plots of predetermined data may also 
be obtained. 

A model field 414 permits the user to identify a selected model for the coupled 

5 solution of a joint problem. A tools field includes a coincident node check that 
identified nodes having locations within a predetermined or user-specified tolerance of 
one another. An element distortion check option permits the user to specify which 
control measures for distortion the system will consider and to input the desired control 
values including control measures for Gauss point distortion, aspect ratio, area ratio, 

10 quad angle (90°+/-), triangle angle (45° +/-), and element warping. 

A view field 418 has submenu options including selected adjustments to display 
settings including color representation of diagram components on the display; 
blanking and unblanking of points, curves surfaces, nodes, volumes and elements on 
the display; dynamic view including pan, magnify, rotate, 3D rotate, and zoom options; 

15 reset of the dynamic model changes including a return to the originally depicted 
conditions; autoscale in which the scale of the model representation on the display is 
adjusted to reveal the entire model in optimum context; view orientation in which the 
display on the screen is changed to represent an eye orientation form a user-entered 
set of coordinates, rotation of the screen perspective a specified distance about a user- 

20 selected coordinate, and continuing rotation of the model representation about a user- 
selected axis. 
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The help field provides hyperlink access to user information, such as the 
information that is shown in the attached appendix. 

Fig. 5 depicts a preferred process 500 for solving a joint problem of a type that 
may be selected from a menu option using the GUI 400, namely, a structural analysis 

5 ballistics problem. Geometry data involving the interior of a missile is obtained using 
conventional computed tomography techniques for nondestructive evaluation (NDE) of 
the motor core. This data is provided in step 502 as a body for modeling situations of 
the type shown in Fig. 3, for example. Step 504 entails automated meshing and may be 
performed using any number of conventional automatic meshing programs. In step 

io 506, a processor receives user-selected input data and executes program instructions 
for the first analysis program, which in this case happens to be a structural analysis 
program modeling time dependent nonlinear visco-elastic (NLVE) deformation of the 
rocket motor as the interior propellant burns. Structural integrity is checked in step 508 
to assure that the motor has not exceeded design specifications or a failure point. 

15 The NLVE output includes deformations, stresses and strains, which are 

provided as second program input values to a second program, which comprises a 
fracture analysis or fracture propagation program that is used in step 510. The output 
from the fracture analysis program includes deformation and fracture propagation with 
automated meshing of the propagation-deformed system. A burnback analysis is 

20 executed in step 512 including an approximation of the burning surface area that is 
modified or deformed through burning in the rocket motor core. The burnback analysis 
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output includes a time-dependent surface area, and a new mesh may be generated 
over this area. 

The new surface area and mesh is supplied to a computational fluid dynamics 
and/or ballistics program as program input data in step 514. Iteration continues along 

5 loop 516 until convergence is achieved and performance data is supplied in step 518. 
The computational fluid dynamics program that is used in step 514 may be configured 
to provide a three dimensional transient solution that has not been previously done in 
the art. For example, a special scripting language may be used to provide threshold 
convergence of the solution at small time steps with sequential performance data being 

10 provided in step 516 for each time step. Computations of this type may require several 
CPU weeks to complete, even where the processor is operating in the gigahertz range 
of clock speeds, and the manual intervention that would have been required to couple 
the programs for this type of solution was simply impossible using prior methods. 

Other coupled CFD solutions include steady state flow for 1D, 2D and 3D 

15 systems in combination with elastic structural deformation or nonlinear visco-elastic 
structural deformation; quasi-steady state flow in combination with crack propagation; 
transient 1D, 2D and 3D flow in combination with elastic structural deformation or 
nonlinear visco-elastic structural deformation; and transient flow with crack propagation. 
It should be noted that any one of the programs which is executed in loop 516 

20 can be a first or second program of the type described herein. The order of execution of 
the first and second program can be any order because the first and second designation 
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serves merely to distinguish one program from another and does not relate to any 
specific order of program execution unless otherwise specified. Thus, the 
computational fluid dynamics program may be executed fourth in order, and this order 
of execution is still consistent with describing the program as a first or second program. 

5 Additionally, even though the respective programs of steps 506-514 are different 
programs and are not simultaneously executed by a processor, although they may be 
simultaneously executed in a distributed processing or multitasking environment, these 
program are said to jointly and in combination provide a solution to the joint problem of 
structural ballistics analysis because they cooperate in an iterative scheme for a joint 

10 solution and/or the programs share data with one another even if no repeat iteration is 
required. 

Prior mention has been made of a scripting language. The scripting language 
permits advanced users or system experts to issue program commands that are 
comparable in analogy to function calls from an object-oriented programming language. 

15 A particularly preferred scripting language is Python, which is a copyrighted but freely 
usable and distributable product, even for commercial use, and is available from 
PythonLabs at www.python.org. 

The Python scripting language is often compared to other object-oriented 
programming languages including Tel, Perl, Scheme or Java, which may provide object 

20 oriented substitutes for Python. According to a presently contemplated but merely 
illustrative embodiment of the invention, the executable code supporting the GUI 400 is 
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written in Python scripting language by an expert in one or more of the finite element 
analytical programs. An expert is hereby defined as a person who has at least five 
hundred hours of training and program use in a particular finite analysis program, arid 
this time of use is preferably more than one thousand hours. 
5 An additional GUI element preferably makes available the scripting language to 

ordinary users who may alter copies of expert-preprogrammed code or write their own 
code. On networked systems, these user-defined scripting packages may be shared 
among all users, subject to an expert review and approval process. A Python module 
was created as an alternative scripted interface comparable to GUI 400, to support 
10 geometry creation, finite element models for solving joint problems, data file interfaces 
and data linkages between different finite analytical programs, and post processing 
activities. An example of Python code for a data file translation script between two finite 
analysis programs is: 

import FEM 
15 model=doc.NewModel('PlaneE1 ') 

model. RdldeasMS('RWIdeas1 .unv') 

model.WrAbaqus(\.Mork/PlaneE1inp') 

A preprogrammed library of basic functions that duplicate the GUOI functionality 
is provided for user-specified execution in the Python scripting language, which may 
20 issue calls to C++ language functions and other languages. The function library may be 
accessed directly to provide the user with the ability to perform automated calculations 
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without having to interact with the GUI, however, the library is preferably accessed 
through use of a submenuing or execute option permitting a user to access and/or 
reprogram the library functions. Classes of functions include functions that create new 
5 documents, open existing documents, save documents, create curves, surfaces, 
volumes, create boundary conditions, interpolate, read and write files, translate data 
between applications, as well as any other activity that has been previously described 
as being practicable through the use of GUI 400. In part because the Python code is 
extensible to other languages, Python provides tremendous power and versatility 

10 including looping and decisional logic capabilities. 

Applicant hereby incorporates-by-reference Appendix I (printouts from an 
interactive online user's manual for the FEM Builder), Appendix II (a compact disk in 
duplicate comprising a computer program listing appendix containing computer software 
according to a presently preferred system and method according to the invention), and 

15 Appendix III (a computer program listing appendix containing the file and directory 
names for the files and directories on the compact disk comprising Appendix II). 

The foregoing discussion provides examples that are intended to operate by way 
of example, not by limitation. There may be additions or changes to the processes and 
programs described above that fall within the scope and spirit of the invention. For 

20 example, any processing system may be used to execute the program instructions 
including systems having distributed processing networks, distributed data storage, and 
multiple I/O devices, in addition to the system shown in Fig. 2. Accordingly, the 
inventors hereby state their intention to rely upon the Doctrine of Equivalents to protect 
their full rights in the invention. 
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APPENDIX I 

The following pages are printouts from an interactive online user's manual for the 
FEM Builder, which is a computer program that has been built by engineers at 
Thiokol Propulsion of Brigham City, Utah. The FEM Builder program operates 
according to the principles of the invention to accomplish coupling of multiple finite 
analysis programs through the use of a graphical user interface and/or a scripting 
language. 
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FEM Builder User's Manual 

FEM Builder is a PC program written at Thiokol Corporation to provide additional Finite Element 
Modeling (FEM) tools for building and analyzing finite element models, and to provide interfaces 
between FEM systems and analysis programs. 
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Introduction 



FEM Builder is an interactive program written by Thiokol Propulsion to provide Finite Element Modeling 
(FEM) tools for building and analyzing finite element models, and to provide interfaces between FEM 
systems and analysis programs. 

Fern Builder has a user interface similar to most PC programs with a menu bar, a toolbar, and a status bar. 
The program allows users to have one or more documents open at the same time. A document can contain 
one or more finite element models. Each document can have multiple views. 

File 

File functions allow the user to Open, Close, and Save FEM Builder files. Read and Write functions are 
provided to read files from and write files to various analysis programs. Other interfaces are provided to 
read and write material property files. The Translation option translates data from one file type to another 
without saving that information in a FEM Builder document, which can save time if no other FEM Builder 
functions are to be performed. File functions also allow the user to Print the current view, or Copy the 
view to the clipboard for pasting in applications like Microsoft Word®. The recent file list contains the 
most recently used FEM Builder files. 

Create 

Creation functions allow the user to create geometry ( coordinate systems , points , curves , surfaces , and 
volumes ). FEM entities ( nodes , elements , constraint equations , groups , and boundary conditions ), perform 
mesh generation , and define material properties , chemical species and chemical reactions . 

Edit 

Edit functions allow the user to edit FEM entities. Functions exist to edit geometry , material properties , and 
element orientations . 

Delete 

Delete functions delete selected FEM entities from the current model. 

List 

List functions write selected information to the List Box. 

Post-Processing 

Post-processing functions include result superposition , and result interpolation , deformed geometry . 
contour plots , vector plots , and XY plots. 

Model Information 

Most FEM Builder functions operate on one finite element model, the current model. The Model 
Information dialog allows the user to set the current model, the model name, and the model title. The 
dialog also lists other model-related information. 

Tools 

Tools include coincident node check, element distortion check, and customizable default options. The 
default options are entity picking , work plane use , element defaults , subdivision , and units . 

View 

The display settings are used to set the visibility and defaults of geometry entities, fern entities, and the 
view header. The view orientation can be specified directly via keyboard input. The view origin, size and 
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orientation can also be modified dynamically using dynamic view . Status flags indicate the visibility of the 
toolbar, status bar, and list box. 

Window 

These window functions are the same functions found in many other PC programs. The New Window 
function creates a new view of the model that can be scaled, rotated, and relocated independently of any 
other view. The Cascade, Tile, and Arrange Icon options all rearrange existing views. 

Help 

The help option provides access to program version information. 

Program Defaults 

The coordinate system used by FEM Builder is the same used by most analysis programs. Interpretation of 
coordinates depends on the element being referenced. For example, for plane elements coordinates 1,2 are 
X,Y, for axisymmetric elements coordinates 1,2 are R,Z, and for solid elements coordinates 1,23 are 
X,Y,Z. 

Default model units are Inches, pound mass, pound force, second, and degrees Fahrenheit. 
Return to Table of Contents 
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ABAQUS 



ABAQUS is a finite element code primarily used for structural analysis. FEM Builder supports model 
definition, boundary condition creation, and specification of material properties. Interfaces for reading 
results files , reading input files , and writing input files are described in the following sections. This 
interface was written to support ABAQUS 5.8-18. 

ABAQUS Read Results File Interface 

This interface reads ABAQUS file output files. Nodes, elements, groups, and analysis results are extracted 
from the file data. Appendix - ABAQUS Support: Table 1 lists supported ABAQUS element types. Groups 
with group names of the form MIDn will be used to set element material Ids. The following analysis results 
are supported. 



Nodal Results 



Description 


Record 
Key 


Displacements 


101 


Reaction forces 


104 


Nodal temperatures 


201 



Centroidal and Element Nodal Results 



Description 


Record 
Kev 


Stress 


11 


Strain 


21 


Elastic strain 


25 


Inelastic strain " 


24 


Plastic strain 


22 


Creep strain 


23 


Thermal strain 


88 


Nominal strain 


90 


Logarithmic strain 


89 


Principal stresses 


401 


Principal strains 


403 


Principal Elastic strain 


408 


Principal Inelastic strain 


409 


Principal Plastic strain 


411 


Principal Creep strain 


412 


Principal Thermal strain 


410 


Principal Nominal strain 


404 


Principal Logarithmic strain 


405 


Temperature 


2 


Strain energy density 


14 


Stress Invarients 


12 


Shell section forces 


13 


Shell section strains 


29 


State variables 


5 
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ABAQUS Read Input File Interface 

This interface reads ABAQUS input files and extracts FEM data from supported keyword card sections. 



Keyword card support 



Keyword 


Supporting keywords 


* Heading 




*Include 




♦System 




*Node 




*Element 




*Nset 




♦ElSet 




♦Transform 




*Equation 




♦Beam Section 




*Shell Section 




*Solid Section 




* Material 






♦Conductivity 








*Elastic 




♦Expansion 




♦Specific Heat 


*Orientation 




♦Boundarv 




♦Step 






♦Boundary 




♦CLoad 




*DLoad 


♦End 





When these keyword cards are encountered, notification is sent to the list file. These keywords are not case 
sensitive. 

Keyword card support description 
♦HEADING 

The heading text will replace the existing model title, if any. 
♦Include 

♦Include cards may be used to reference files containing additional input. Include files may have 
references to other include files. If the attempt to open the specified file fails, input processing will 
continue. Notification of the open failure will be sent to the list file. The most common cause of open 
failures is due to errors in the path specification that is part of the file name specification. 

♦System 

♦System defined coordinate systems are used to transform the coordinates of nodes in following ♦Node 
sections into global coordinates. Defined systems will be stored in the FEM Builder database. System 
labels will be generated. 

♦Node 

The NSct, and System parameters are supported. The File parameter is not supported. If a System 
parameter is defined the coordinates are transformed to a Cartesian system immediately. If a ♦System 
section preceded this section, the coordinates are then transformed via that system into global coordinates. 
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, *Element 

The Type and ElSet parameters are supported. The File and Input parameters are not supported. If the 
specified element type is not recognized, notification will be sent to the list file and the rest of the section 
will be skipped. Appendix - ABAOUS Support: Table 1 lists supported ABAQUS element types. If the 
ElSet name is of the form MIDn, the elements will be assigned n as the material ID. 

*Nset 

The NSet and Generate parameters are supported. The Unsorted parameter, if defined, will be ignored; 
The ElSet parameter is not supported, and if defined, notification will be sent to the list file and the rest of 
the section will be skipped. 

*ElSet 

The ElSet and Generate parameters are supported. 
*Transform 

The NSet and Type parameters are supported. A coordinate system will be created as defined by the input. 
Nodes in the referenced NSet will be modified to reference the created displacement coordinate system. If 
the NSet name is of the form Tran#, the # is assumed to be an undefined coordinate system number, 
otherwise the system label will be generated. 

♦Equation 

The Input parameter is supported. 
♦Beam Section 

This section is only used to tie the elements referenced by the ElSet parameter to the material referenced by 
the Material parameter. The other data defined in this section are ignored. 

♦Solid Section and ♦Shell Section 

These sections are used to tie the elements referenced by the ElSet parameter to the material referenced by 
the Material parameter or to the composite layup defined when the Composite parameter is defined. The 
Orientation parameter, if defined, is used to orient the elements. 

♦Material 

The Name parameter is supported. 
♦Conductivity 

The Type parameter is supported. The Dependencies parameter is ignored. 
♦Density 

The Dependencies parameter is ignored. 
♦Elastic 

The Type parameter is supported. The Dependencies parameter is ignored. 
♦Expansion 

The Type. and Zero parameters are supported. The Dependencies and Pore Fluid parameters are ignored. 
♦Specific Heat 

The Dependencies parameter is ignored. 
♦Orientation 

The Name, System, and Definition = Coordinates parameters are supported. Other values of the 
. Definition parameter are not supported, and if encountered, notification will be sent to the list file and the 
rest of the section will be skipped. 
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*Boundary 

Restraints defined preceding the *Step card will be assigned a set ID of 1. Node sets may be referenced, 
and XSYMM, YSYMM, ZSYMM, XASYMM, YASYMM, ZASYMM, ENCASTRE, and PINNED 
'Type" specifications may be used. 

♦Step 

When this card is encountered, notification is sent to the list file. The load set ID has an initial value of 1. 
When the *End Step card is encountered, the load set ID will be incremented. 

♦Boundary 

Restraints defined will be assigned the current load set ID. Node sets may be referenced, and XSYMM, 
YSYMM, ZSYMM, XASYMM, YASYMM, ZASYMM, ENCASTRE, and.PINNED "Type- 
specifications may be used. 

*CLoad 

Concentrated loads defined will be assigned the current load set ID. All parameters are ignored. Node sets 
may be referenced. Temperature restraints and forces are supported. 

*DLoad 

Distributed loads defined will be assigned the current load set ID. All parameters are ignored. Node sets 
may be referenced. Pressures are supported. 

*End 

When the *End card is encountered, the load set ID will be incremented. 



Label generation 

When an entity is created with no defined label, such as for the *System card sections, the "unknown" label 
will initially be assigned. After reading the entire input file, these labels will be reassigned to a generated 
value. Generated values will increment from an initial value computed as follows: 

Initial value = l + 10 A (LoglO(Previous maximum)+l) 
Section cards 

Abaqus uses section cards to associate elements with material properties. FEM Builder will use the section 
information to associate element material Ids with materials. When an EiSet name of the form MIDn is not 
on the *Element card elements will not have an assigned material ID. If elements referenced by section 
cards do not have an assigned material ID, a material ID will be generated. 

Too 

ABAQUS Write Input File Interface 

This interface writes ABAQUS input. Nodes, elements, constraint equations, node transforms, groups, 
element section, orientation, material properties, step information, boundary conditions, and analysis results 
for initial conditions are written to the file. The interface also allows data of various types to be written to 
separate files. 

Nodes 

The interface writes node label, and XY, RZ, or XYZ coordinates. 
Elements 

The Fern Builder supported element types (geometry and analysis types) are found in Appendix - Element 
Library: Table 1 and Appendix - Element Library: Table 2 respectively. Appendix - ABAQUS Support: 
Table 1 lists each Fern Builder geometry and analysis type and the supported ABAQUS element type that it 



will be assigned as the input file is written. As elements are output ELSets are defined for each material. 
Do not delete or rename these ELSets or FEM Builder will not be able to determine the proper element 
MID when reading result files. 

Equations 

Constraint equations are written as *Equations. 

Transforms 

NSets and Transform commands are created for nodes with local displacement coordinate systems. 
Groups 

NSets and ELSets are created for each node and element group. 
Section Data 

Section cards and corresponding ELSets are generated for each unique combination of element type (beam, 
shell, or solid), material id, property id, and element/material orientation. Multiple sections may reference 
the same material. 

Material Properties 

The following table lists the AB AQUS supported material properties and their supported counterparts in 
Fern Builder. 



ABAQUS 


Fern Builder 


Elastic, Type=Iso 

Elastic, Type= Engineering Constants 
Elastic, Type=Aniso 


Elastic Modulus - Isotropic 
Elastic Modulus - Orthotropic 
Elastic Modulus - Anisotropic 


Expansion, Type=Iso 
Expansion, Type=Ortho 
Expansion, Type=Aniso 


Expansion - Isotropic 
Expansion - Orthotropic 
Expansion - Anisotropic 


Conductivity, Type=Iso 
Conductivity, Type=Ortho 
Conductivity, Type=Aniso 


Conductivity - Isotropic 
Conductivity - Orthotropic 
Conductivity - Anisotropic 


Density 


Density 


Specific Heat 


Specific Heat -CP 



Initial Conditions 

Nodal temperatures and element centroidal stresses may be output as initial conditions. If the selected 
temperatures are centroidal temperatures, nodal averaging will be performed. If the selected stresses are 
element nodal stresses, stresses will be interpolated to element centroids using the element shape functions. 

Loads and Boundary Conditions 

Fern Builder outputs restraints (Boundary), forces/moments (CLoad), and pressure (DLoad) boundary 
conditions. 

Top 

Return to Table of Contents 



Appendix - ABAQUS Element Type Support 



Table 1 lists each supported ABAQUS element type and the geometry type and analysis type that it is 
assigned when reading into Fern Builder. It also lists the ABAQUS element types that are written to 
ABAQUS from Fern Builder. ABAQUS element types not directly supported on output will be mapped to 
the element type listed in the ABAQUS output column. 



Table 1: ABAQUS element type support 



ABAQUS Element 


FEM Builder 
Element 




Name 


Description 


Geom 


Anal 


Name 


B22 


3 Node quadratic 2D beam 


2 


25 


B22 


B22H 


3 Node quadratic 2D beam, hybrid 


2 


25 


B22H 


B23 


2 Node cubic 2D beam 


1 


25 


B23 


B23H 


2 Node cubic 2D beam, hybrid 


1 


25 


B23H 


B32 


3 Node quadratic 3D beam 


2 


26 


B32 


B32H 


3 Node quadratic 3D beam, hybrid 


2 


26 


B32H 


B33 


2 Node cubic 3D beam 


1 


26 


B33 


B33H 


2 Node cubic 3D beam, hybrid 


1 


26 


B33H I 


C3D4 


4 Node linear tetrahedron 


9 


60 


C3D4 


C3D4H 


4 Node linear tetrahedron, hybrid 


9 


60 


C3D4H 


C3D6 


6 Node linear wedge 


12 


60 


C3D6 


C3D6H 


6 Node linear wedqe, hybrid 


12 


60 


C3D6H 


C3D8 


8 Node linear brick 


15 


60 


C3D8 


C3D8H 


8 Node linear brick, hybrid 


15 


60 


C3D8H 


C3D8R 


8 Node linear brick, reduced 


15 


60 


C3D8R 


C3D8RH 


8 Node linear brick, reduced, hybrid 


15 


60 


C3D8RH 


C3D10 


10 Node auadratic tetrahedron 


10 


60 


C3D10 


C3D10H 


10 Node quadratic tetrahedron, hybrid 


10 


60 


C3D10H 


C3D15 


15 Node quadratic wedge 


13 


60 


C3D15 


C3D15H 


15 Node quadratic wedge, hybrid 


13 


60 


C3D15H 


C3D20 


20 Node quadratic brick 


16 


60 


C3D20 


C3D20H 


20 Node quadratic brick, hybrid 


16 


60 


C3D20H 


C3D20R 


20 Node quadratic brick, reduced 


16 


60 


C3D20R 


C3D20RH 


20 Node quadratic brick, reduced, hybrid 


16 


60 


C3D20RH 


CAX3 


3 Node linear axisymmetric trianqle 


3 


43 


CAX3 


CAX3H 


3 Node linear axisymmetric trianqle, hybrid 


3 


43 


CAX3H 


CAX4 


4 Node linear axisymmetric quad 


6 


43 


CAX4 


CAX4H 


4 Node linear axisymmetric quad, hybrid 


6 


43 


CAX4H 


CAX4I 


4 Node linear axisymmetric quad, incompatible 


I 6 


43 


CAX4H 


CAX4IH 


4 Node linear axisymmetric quad, incompatible, hybrid 


6 


43 


CAX4H 


CAX4R 


4 Node linear axisymmetric quad, reduced 


6 


43 


CAX4R 


CAX4RH 


4 Node linear axisymmetric quad, reduced, hybrid 


6 


43 


CAX4RH 


CAX6 


6 Node quadratic axisymmetric triangle 


4 


43 


CAX6 


CAX6H 


6 Node quadratic axisymmetric trianqle, hybrid 


4 


43 


CAX6H 


CAX8 


8 Node quadratic axisymmetric quad 


7 


43 


CAX8 


CAX8H 


8 Node quadratic axisymmetric quad, hybrid 


7 


43 


CAX8H 


CAX8R 


8 Node quadratic axisymmetric quad, reduced 


7 


43 


CAX8R 


CAX8RH 


8 Node quadratic axisymmetric quad, reduced, hybrid 


7 


43 


CAX8RH 



CAXA4n 


4 Node linear asymmetric quad, n modes 


6 


44 


CAXA4n 


CAXA4Hn 


4 Node linear asymmetric quad, hybrid, n modes 


6 


44 


CAXA4Hn 


CAXA4Rn 


4 Node linear asymmetric quad, reduced, n modes 


6 


44 


CAXA4Rn 


CAXA4RHn 


4 Node linear asymmetric quad, reduced, hybrid, n modes 


6 


44 


CAXA4RHn 


CAXA8n 


8 Node quadratic asymmetric quad, n modes 


7 


44 


CAXA8n 


CAXA8Hn 


8 Node quadratic asymmetric quad, hybrid, n modes 


7 


44 


CAXA8Hn 


CAXA8Rn 


8 Node quadratic asymmetric quad, reduced, n modes 


7 


44 


CAXA8Rn 


CAXA8RHn 


8 Node quadratic asymmetric quad, reduced, hybrid, n modes 


7 


44 


CAXA8RHn 


CGAX3 


3 Node qeneralized linear axisymmetric trianqle 


3 


43 


CGAX3 


CGAX3H 


3 Node generalized linear axisymmetric trianqle, hybrid 


3 


43 


CGAX3H 


CGAX4 


4 Node qeneralized linear axisymmetric quad 


6 


43 


CGAX4 


CGAX4H 


4 Node generalized linear axisymmetric quad, hybrid 


6 


43 


CGAX4H 


CGAX4R 


4 Node generalized linear axisymmetric quad, reduced 


6 


43 


CGAX4R 


CGAX4RH 


4 Node generalized linear axisymmetric quad, reduced, hybrid 


6 


43 


CGAX4RH 


CGAX6 


6 Node qeneralized quadratic axisymmetric trianqle 


4 


43 


CGAX6 


CGAX6H 


6 Node qeneralized quadratic axisymmetric trianqle, hybrid 


4 


43 


CGAX6H 


CGAX8 


8 Node generalized quadratic axisymmetric quad 


7 


43 


CGAX8 


CGAX8H 


8 Node qeneralized quadratic axisymmetric quad, hybrid 


7 


43 


CGAX8H 


CGAX8R 


8 Node generalized quadratic axisymmetric quad, reduced 


7 


43 


CGAX8R 


CGAX8RH 


8 Node generalized quadratic axisymmetric quad, reduced, hybrid 


7 


43 


CGAX8RH 


CPE3 


3 Node linear plane strain triangle 


3 


41 


CPE3 


CPE3H 


3 Node linear plane strain triangle, hybrid 


3 


41 


CPE3H 


CPE4 


4 Node linear plane strain quad 


6 


41 


CPE4 


CPE4H 


4 Node linear plane strain quad, hybrid 


6| 41 


CPE4H 


CPE4R 


4 Node linear plane strain quad, reduced 


6! 41 


CPE4R 


CPE4RH 


4 Node linear plane strain quad, reduced, hybrid 


6 


41 


CPE4RH 


CPE6 


6 Node quadratic plane strain triangle 


4 


41 


CPE6 


CPE6H 


6 Node quadratic plane strain triangle, hybrid 


4 


41 


CPE6H 


CPE8 


8 Node quadratic plane strain quad 


7 


41 


CPE8 


CPE8H 


8 Node quadratic plane strain quad, hybrid 


7 


41 


CPE8H 


CPE8R 


8 Node quadratic plane strain quad, reduced 


7 


41 


CPE8R 


CPE8RH 


8 Node quadratic plane strain quad, reduced, hybrid 


7 


41 


CPE8RH 


CPS3 


3 Node linear plane stress triangle 


3 


40 


CPS3 


CPS4 


4 Node linear plane stress quad 


6 


40 


CPS4 


CPS6 


6 Node quadratic plane stress trianqle 


4 


40 


CPS6 


CPS8 


6 Node quadratic plane stress quad 


7 


40 


CPS8 


DASHP0T1 


1 Node to ground dashpot 


0 


2 


DASHPOT 1 


DASHPOTA 


2 Node dashpot 


1 


22 


DASHPOTA 


DC1D2 


2 Node heat transfer link 


1 


29 


DC1D2 


DC1D3 


3 Node heat transfer link 


2 


29 


DC1D3 


DC2D3 


3 Node linear heat transfer triangle 


3 


48 


DC2D3 


DC2D4 


4 Node linear heat transfer quad 


6 


48 


DC2D4 


DC2D6 


6 Node quadratic heat transfer trianale 


4 


48 


DC2D6 


DC2D8 


8 Node quadratic heat transfer quad 


7 


48 


DC2D8 


DC3D4 


4 Node linear heat transfer tetrahedron 


9 


61 


DC3D4 


DC3D6 


6 Node linear heat transfer wedqe 


12 


61 


DC3D6 


DC3D8 


8 Node linear heat transfer brick 


15 


61 


DC3D8 


DC3D10 


10 Node quadratic heat transfer tetrahedron 


10 


61 


DC3D10 


DC3D15 


15 Node quadratic heat transfer wedqe 


13 


61 


DC3D15 


DC3D20 


20 Node quadratic heat transfer brick 


16 


61 


DC3D20 


DCAX3 


3 Node linear axisymmetric heat transfer trianqle 


3 


49 


DCAX3 


DCAX4 


4 Node linear axisymmetric heat transfer quad 


6 


49 


DCAX4 


DCAX6 


6 Node quadratic axisymmetric heat transfer trianqle 


4 


49 


DCAX6 



DCAX8 


8 Node quadratic axisymmetric heat transfer quad 


7 


49 


DCAX8 


DINTER1 


1 Node oer side heat transfer interface 


30 


85 


DINTER1 


DINTER2 


2 Node oer side heat transfer interface 


31 


85 


D INTER? 


DINTER2A 


2 Node oer side axisvmmetric heat transfer interface 


31 


86 


DINTER2A 

J—/ 11 " 1 J_<i\.iL»/\ 


DINTER3 

A-^ 11 i X IjIw 


3 Node oer side heat transfer interface 1 


32 


85 


DTNTFR3 


DINTER3A 


3 Node ner side axisvmmetric heat transfer interface 


32 


86 


DTNTFR1A 

U ill 1 i^lvJ t\ 


DINTER4 


4 Node ner face heat transfer interface 

" 1 NUUu yj ^ 1 IGIOG 1 ICQl 11 Ul Iwlbl N IICI IQwC 


34 


85 


DTNTFR4 


DINTER8 


8 Node ner face heat transfer interface 


35 


85 


DTNTFR8 

1_J 11 1 1 Ui\0 


DSAX1 


2 Node axisvmmetric heat transfer shell 


1 


30 

Ou 


DSAX1 


DSAX2 


3 Node axisvmmetric heat transfer shell 

w i vvju^f uaiw y 1 1 ii I u iw i iwui ii ui iui ui wi i^ii 


2 


30 


DSAX? 


GAPUNI 


2 Node aaD 


30 


83 


GAPUNI 

VJ rvi Ul "1 


INTER2 


2 Node oer side interface 


31 


83 


INTER2 


INTER2A 


2 Node oer side axisvmmetric interface 

£— 1 lUUU yj\J\ <jlUv OAUy 1 1 II 1 ICll lv II IICI lOUw 


31 
\j i 


84 


INTFR^A 


INTER3 


3 Node npr side interface 


32 


83 


INTFR1 


INTER3A 

111 1 LilVJil 


3 Nodp npr ^irip Axi*>vmmptrir intprfarp 

O INOOC7 yJ 1 OIUC CIAIO y 1 1 11 1 lull IU» II IICI luvCT 


32 


84 

U*"T 


INTFR^A 


INTER4 


4 Nodp opr face interface 


34 


83 

(JO 


TNTFR4 


INTER8 

11 1 1 J 1VU 


8 Nodp npr facp intprfarp 


35 


83 

oo 


TNTFRS 


INTER9 


9 Nodp npr farp intprfarp 


3fi 


83 

oo 






3 Nodp pxi^vmmptrir rinid ^nrfarp 

o i iuuc GAioy 1 1 ii i icii lu iiyivj oui luuC 


41 


PR 

£.0 


TRS? 1 A 


ISL^IA 

1U Liu 1 


3 Nodp xi^vmmptrir ^liHp linp 

O 1 N OVJ w OAIO y 1 1 II 1 lull ILi OIIVJu 1111" 


1 
1 


£.0 


1ST 9 1 A 


M3D3 


3 Node linear mpmhranp trianolp 

o i iuut iii icui 1 1 ici i \LJi ui ic ii lai i y iu 


3 


45 

^rO 


lVi_)l^/ J 


M3D4 


4 Nodp linpar mpmhranp nuad 

" 1 NUUC II 1 ICQI IIICIIIUIQIIC UUuU 


u 


45 


1VA_J LJ-+ 


M3D4R 


4 Node linear mpmhranp nuari rpdurpri 

i 1 lUUC III ICUI IIICIIIUIQIIC L|UQU t 1 CUUbCU 


6 


45 

TO 


\T^D4R 


M3D6 


fi Nndp nuaHrptir mpmhranp triannlp 

\j invjug v^uuuiuiiv 1 1 ici i iui ai ic uicuiyiu 


4 


45 




M3D8 


R NoHp nn^Hrptip mpmhranp nn^H 

O HUUC IJUCIUICIUO II ICI 1 lUICll IC LjUuU 


7 


45 




M3D8R 
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7 


45 

HO 
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n 

u 


0 
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HU 
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ft MnHo ni iaHratir > /^i i rv/orl thin choll rorlt ir*oH 
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7 
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SAX1 
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i 
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SAX2 
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1 
I 
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T2D3 


3 Node auadratic 2D truss 


2 


23 


T2D3 


T2D3H 


3 Node quadratic 2D truss, hybrid 


2 


23 


T2D3H 


T3D2 


2 Node linear 3D truss 


1 


24 


T3D2 


T3D2H 


2 Node linear 3D truss, hybrid 


1 


24 


T3D2H 


T3D3 


3 Node quadratic 3D truss 


2 


24 


T3D3 


T3D3H 


3 Node quadratic 3D truss, hybrid 


2 


24 


T3D3H 
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Appendix - ABAQUS Element Type Support 



Table 1 lists each supported ABAQUS element type and the geometry type and analysis type that it is 
assigned when reading into Fern Builder. It also lists the ABAQUS element types that are written to 
ABAQUS from Fern Builder. ABAQUS element types not directly supported on output will be mapped to 
the element type listed in the ABAQUS output column. 



Table 1 : ABAQUS element type support 



ABAQUS Element 


FEM Builder 
Element 


Output 


Name 


Description 


Ceom 


Anal 


Name 


B22 


3 Node quadratic 2D beam 


2 


25 


B22 


B22H 


3 Node quadratic 2D beam, hybrid 


2 


25 


B22H 


B23 


2 Node cubic 2D beam 


1 


25 


B23 


B23H 


2 Node cubic 2D beam, hybrid 


1 


25 


B23H 


B32 


3 Node quadratic 3D beam 


2 


26 


B32 


B32H 


3 Node quadratic 3D beam, hybrid 


2 


26|B32H 


B33 


2 Node cubic 3D beam 


1 


26|B33 


B33H 


2 Node cubic 3D beam, hybrid 


1 


26IB33H 


C3D4 


4 Node linear tetrahedron 


q 


60 


C3D4 | 


C3D4H 


4 Node linear tetrahedron, hybrid 


9 


60 


C3D4H | 


C3D6 


6 Node linear wedge 


12 


60 


C3D6 | 


C3D6H 


6 Node linear wedge, hybrid 


12 


60 


C3D6H 


C3D8 


8 Node linear brick 


15 


60 


C3D8 


C3D8H 


8 Node linear brick, hybrid 


15 


60 


C3D8H 


C3D8R 


8 Node linear brick, reduced 


15 


60 


C3D8R 


C3D8RH 


8 Node linear brick, reduced, hybrid 


15 


60 


C3D8RH 


C3D10 


1 0 Node quadratic tetrahedron : 


10 


60 


C3D10 


C3D10H 


1 0 Node quadratic tetrahedron, hybrid 


10 


60 


C3D10H 


C3D15 


1 5 Node quadratic wedqe 


13 


60 


C3D15 


C3D15H 


1 5 Node quadratic wedge, hybrid 


13 


60 


C3D15H 


C3D20 


20 Node quadratic brick 


16 


60 


C3D20 


C3D20H 


20 Node quadratic brick, hybrid 


16 


60 


C3D20H 


C3D20R 


20 Node quadratic brick, reduced 


16 


60 


C3D20R 


C3D20RH 


20 Node quadratic brick, reduced, hybrid 


16 


60 


C3D20RH 


CAX3 


3 Node linear axisymmetric triangle 


3 


43 


CAX3 


CAX3H 


3 Node linear axisymmetric triangle, hybrid 


3 


43 


CAX3H 


CAX4 


4 Node linear axisymmetric quad 


6 


43 


CAX4 


CAX4H 


4 Node linear axisymmetric quad, hybrid 


6 


43 


CAX4H 


CAX4I 


4 Node linear axisymmetric quad, incompatible 


6 


43 


CAX4H 


CAX4IH 


4 Node linear axisymmetric quad, incompatible, hybrid 


6 


43 


CAX4H 


CAX4R 


4 Node linear axisymmetric quad, reduced 


6 


43 


CAX4R 


CAX4RH 


4 Node linear axisymmetric quad, reduced, hybrid 


6 


43 


CAX4RH 


CAX6 


6 Node quadratic axisymmetric triangle 


4 


43 


CAX6 


CAX6H 


6 Node quadratic axisymmetric triangle, hybrid 


4 


43 


CAX6H 


CAX8 


8 Node quadratic axisymmetric quad 


7 


43 


CAX8 


CAX8H 


8 Node quadratic axisymmetric quad, hybrid 


7 


43 


CAX8H 


CAX8R 


8 Node quadratic axisymmetric quad, reduced 


7 


43 


CAX8R 


CAX8RH 


8 Node quadratic axisymmetric quad, reduced, hybrid 


7 


43 


CAX8RH 



CAXA4n 


4 Node linear asymmetric quad, n modes 


6 


44 


CAXA4n 


CAXA4Hn 


4 Node linear asymmetric quad, hybrid, n modes 


6 


44 


CAXA4Hn 


CAXA4Rn 


4 Node linear asymmetric quad, reduced, n modes 


"6 1 


44 


CAXA4Rn 


CAXA4RHn 


4 Node linear asymmetric quad, reduced, hybrid, n modes 


6 


44 


CAXA4RHn 


CAXA8n 


8 Node quadratic asymmetric quad, n modes 


7 


44 


CAXA8n 


CAXA8Hn 


8 Node quadratic asymmetric quad, hybrid, n modes 


7 


44 


CAXA8Hn 


CAXA8Rn 


8 Node quadratic asymmetric quad, reduced, n modes 


7 


44 


CAXA8Rn 


CAXA8RHn 


8 Node quadratic asymmetric quad, reduced, hybrid, n modes 


7 


44 


CAXA8RHn 


CGAX3 


3 Node qeneralized linear axisymmetric triangle 


3 


43 


CGAX3 


CGAX3H 


3 Node qeneralized linear axisymmetric triangle, hybrid 


3 


43 


CGAX3H 


CGAX4 


4 Node generalized linear axisymmetric quad 


6 


43 


CGAX4 


CGAX4H 


4 Node generalized linear axisymmetric quad, hybrid 


6 


43 


CGAX4H 


CGAX4R 


4 Node generalized linear axisymmetric quad, reduced 


6 


43 


CGAX4R 


CGAX4RH 


4 Node qeneralized linear axisymmetric quad, reduced, hybrid 


6 


43 


CGAX4RH 


CGAX6 


6 Node generalized quadratic axisymmetric trianqle 


4 


43 


CGAX6 


CGAX6H 


6 Node generalized quadratic axisymmetric trianqle, hybrid 


4 


43 


CGAX6H 


CGAX8 


8 Node generalized quadratic axisymmetric quad 


7 


43 


CGAX8 


CGAX8H 


8 Node generalized quadratic axisymmetric quad, hybrid 


7 


43 


CGAX8H 


CGAX8R 


8 Node generalized quadratic axisymmetric quad, reduced 


7 


43 


CGAX8R 


CGAX8RH 


8 Node generalized quadratic axisymmetric quad, reduced, hybrid 


7 


43 


CGAX8RH 


CPE3 


3 Node linear plane strain triangle 


3 


41 


CPE3 


CPE3H 


3 Node linear plane strain triangle, hybrid 


3 


41 


CPE3H 


CPE4 


4 Node linear plane strain quad 


6 


41 


CPE4 


CPE4H 


4 Node linear plane strain quad, hybrid 


6 


41 


CPE4H 


CPE4R 


4 Node linear plane strain quad, reduced 


6 


41 


CPE4R 


CPE4RH 


4 Node linear plane strain quad, reduced, hybrid 


6 


41 


CPE4RH | 


CPE6 


6 Node quadratic plane strain trianqle 


4 


41 


CPE6 I 


CPE6H 


6 Node quadratic plane strain trianqle, hybrid 


4 


41 


CPE6H 


CPE8 


8 Node quadratic plane strain quad 


7 


41 


CPE8 


CPE8H 


8 Node quadratic plane strain quad, hybrid 


7 


41 


CPE8H 


CPE8R 


8 Node quadratic plane strain quad, reduced 


7 


41 


CPE8R 


CPE8RH 


8 Node quadratic plane strain quad, reduced, hybrid 


7 


41 


CPE8RH 


CPS3 


3 Node linear plane stress trianqle 


3 


40 


CPS3 


CPS4 


4 Node linear plane stress quad 


6 


40 


CPS4 


CPS6 


6 Node quadratic plane stress trianqle 


4 


40 


CPS6 


CPS8 


6 Node quadratic plane stress quad 


7 


40 


CPS8 


DASHPOTl 


1 Node to ground dashpot 


0 


2 


DASHPOTl 


DASHPOTA 


2 Node dashpot 


1 


22 


DASHPOTA 


DC1D2 


2 Node heat transfer link 


1 


29 


DC1D2 


DC1D3 


3 Node heat transfer link 


2 


29 


DC1D3 


DC2D3 


3 Node linear heat transfer trianqle 


3 


48 


DC2D3 


DC2D4 


4 Node linear heat transfer quad 


6 


48 


DC2D4 


DC2D6 


6 Node quadratic heat transfer trianqle 


4 


48 


DC2D6 


DC2D8 


8 Node quadratic heat transfer quad 


7 


48 


DC2D8 


DC3D4 


4 Node linear heat transfer tetrahedron 


9 


61 


DC3D4 


DC3D6 


6 Node linear heat transfer wedge 


12 


61 


DC3D6 


DC3D8 


8 Node linear heat transfer brick 


15 


61 


DC3D8 


DC3D10 


1 0 Node quadratic heat transfer tetrahedron 


10 


61 


DC3D10 


DC3D15 


15 Node quadratic heat transfer wedqe 


13 


61 


DC3D15 


DC3D20 


20 Node quadratic heat transfer brick 


16 


61 


DC3D20 


DCAX3 


3 Node linear axisymmetric heat transfer trianqle 


3 


49 


DCAX3 


DCAX4 


4 Node linear axisymmetric heat transfer quad 


6 


49 


DCAX4 


DCAX6 


6 Node quadratic axisymmetric heat transfer trianqle 


4 


49 


DCAX6 



DCAX8 


8 Node quadratic axisymmetric heat transfer quad 


7 


49 


DCAX8 


DINTER1 


1 Node per side heat transfer interface 


30 


85 


DINTER1 


DINTER2 


2 Node per side heat transfer interface 


31 


85 


DINTER2 


DINTER2A 


2 Node per side axisymmetric heat transfer interface 


31 


86 


DINTER2A 


DINTER3 


3 Node per side heat transfer interface 


32 


85 


DINTER3 


DINTER3A 


3 Node per side axisymmetric heat transfer interface 


32 


86 


DINTER3A 


DINTER4 


4 Node per face heat transfer interface 


34 


85 


DINTER4 


DINTER8 


8 Node per face heat transfer interface 


35 


85 


DINTER8 


DSAX1 


2 Node axisymmetric heat transfer shell 


1 


30 


DSAX1 


DSAX2 


3 Node axisymmetric heat transfer shell 


2 


30 


DSAX2 


GAPUNI 


2 Node gap 


30 


83 


GAPUNI 


INTER2 


2 Node per side interface 


31 


83 


INTER2 


INTER2A 


2 Node per side axisymmetric interface 


31 


84 


INTER2A 


INTER3 


3 Node per side interface 


32 


83 


INTER3 


INTER3A 


3 Nodejper side axisymmetric interface 


32 


84 


INTER3A 


INTER4 


4 Node per face interface 


34 


83 


INTER4 


INTERS 


8 Node per face interface 


35 


83 


INTERS 


INTER9 


9 Node per face interface 


36 


83 


INTER9 


IRS21A 


3 Node axisymmetric rigid surface 


41 


28 


IRS21A 


ISL21A 


3 Node axisymmetric slide line 


1 


28 


ISL21A 


M3D3 


3 Node linear membrane triangle 


3 


45 


M3D3 


M3D4 


4 Node linear membrane quad 


6 


45 


M3D4 


M3D4R 


4 Node linear membrane quad, reduced 


6 


45 


M3D4R 


M3D6 


6 Node quadratic membrane triangle 


4 


45IM3D6 


M3D8 


8 Node quadratic membrane quad 


7 


45|M3DS | 


M3D8R 


8 Node quadratic membrane quad, reduced 


7 


45 


M3DSR I 


MASS 


1 Node point mass 


0 


3 


MASS 


S4R5 


4 Node linear curved thin shell, reduced 


6 


46 


S4R5 


S8R5 


8 Node quadratic curved thin shell, reduced 


7 


46 


S8R5 


SAX1 


2 Node linear axisymmetric shell 


1 


27 


SAX1 


SAX2 


3 Node quadratic axisymmetric shell 


2 


27 


SAX2 


SAXAln 


2 Node linear asymmetric shell, n modes 


1 


28 


SAXAln 


SAXA2n 


3 Node quadratic asymmetric shell, n modes 


2 


28 


SAXA2n 


SPRING1 


1 Node to ground spring 


0 


0 


SPRING I 


SPRING A 


2 Node to node spring 


1 


20 


SPRINGA 


STRI35 


3 Node linear curved thin shell 


3 


46 


STRI35 


STRI65 


6 Node quadratic curved thin shell 


4 


46 


STRI65 


T2D2 


2 Node linear 2D truss 


1 


23 


T2D2 


T2D2H 


2 Node linear 2D truss, hybrid 


1 


23 


T2D2H 


T2D3 


3 Node quadratic 2D truss 


2 


23 


T2D3 


T2D3H 


3 Node quadratic 2D truss, hybrid 


2 


23 


T2D3H 


T3D2 


2 Node linear 3D truss 


1 


24 


T3D2 


T3D2H 


2 Node linear 3D truss, hybrid 


1 


24 


T3D2H 


T3D3 


3 Node quadratic 3D truss 


2 


24 


T3D3 


T3D3H 


3 Node quadratic 3D truss, hybrid 


2 


24 


T3D3H 
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ANSYS 



ANSYS is a finite element code primarily used for structural analysis. FEM Builder supports model 
definition, boundary condition creation, and specification of material properties. Interfaces for reading 
results files , reading coded database files , and writing coded database files are described in the following 
sections. This interface was written to support ANSYS 5.6. 

ANSYS Read Results File Interface 

This interface reads ANSYS file output files. Nodes, elements, coordinate systems, and analysis results are 
extracted from the file data. The following analysis results are supported. 



Nodal Results 



Nodal Results 


Displacements 


Velocity 


Pressure 


Temperature 


Element Nodal Results 


Element Nodal Results 


Stress 


Strain - Elastic 


Strain - Plastic 


Strain - Creep 


Strain Energy Density 


Temperature 
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ANSYS Read Coded Database File Interface 

This interface reads ANSYS coded database files written by the ANSYS CDWRITE command and only 
supports the coded database commands listed in the ANSYS documentation. Nodes, elements, coordinate 
systems, loads, boundary conditions, and material properties are extracted from the file data. 

Nodes 

The interface reads node label, coordinates, and displacement coordinate system. 
Elements 

The Fern Builder supported element types (geometry and analysis types) are found in Appendix - Element 
Library: Table 1 and Appendix - Element Library: Table 2 respectively. Table Appendix - ABAQUS 
Support: Table 1 lists each supported ANSYS element type and the geometry type and analysis type that it 
will be assigned as it is read into Fern Builder. 

Coordinate Systems 

The interface reads a coordinate system's origin, orientation, and type (e.g. rectangular, cylindrical, 
spherical). 

Loads and Boundary Conditions 

For structural and thermal results, the following table lists ANSYS supported loads and their supported 
counterparts in Fern Builder. 



Type 


ANSYS 


Fern Builder 


Structural 


Translations 


Restraints (1-3) 





Rotations 


Restraints (4-6) 


Forces 


Nodal Forces (1-3) 


Moments 


Nodal Forces (4-6) 


Pressure 


Pressure 


Temperature 


Temperature 


Fluence 


Not supported 


Thermal 


Temperature 


Fixed Temperature 


Heat Flow Rate 


Not supported 


Convection 


Convection 


Heat Flux 


Heat Flux 


Infinite Surface 


Not supported 


Heat Generation 
Rate 


Heat Source (on an 
element or node) 



Material Properties 

The following table lists the ANSYS supported material properties and their supported counterparts in Fern 
Builder. 



ANSYS 


Fern Builder 


Elastic Modulus 
Poisson's Ratio 
Shear Modulus 


Elastic Modulus - Isotropic 
Elastic Modulus - Orthotropic 
Elastic Modulus - Anisotropic 


Thermal Expansion Coef. 


Expansion - Isotropic 
Expansion - Orthotropic 
Expansion - Anisotropic 


Thermal Conductivity 


Conductivity - Isotropic 
Conductivity - Orthotropic 
Conductivity - Anisotropic 


Mass Densitv 


Densitv 


Specific Heat 


Specific Heat -CP 


Emissivitv 


Emissivitv 
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ANSYS Write Coded Database File Interface 

This interface writes ANSYS coded database files and only supports the coded database commands listed 
in the ANSYS documentation. Nodes, elements, coordinate systems, loads, boundary conditions, and 
material properties are extracted from Fern Builder and written out in an ANSYS coded database file. 

Nodes 

The interface writes node label, coordinates, and rotation angles. 
Elements 

The Fern Builder supported element types (geometry and analysis types) are found in Appendix - Element 
Library: Table 1 and Appendix - Element Library: Table 2 respectively. Tables Appendix - Ansvs Support: 
Tables 2 to 7 lists each Fern Builder geometry and analysis type and the supported ANSYS element type 
that it will be assigned as the ANSYS coded database file is written. Some Fern Builder element types, such 
as wedges, tetrahedrons, and triangles, are supported in ANSYS by writing it as a degenerate form of a 
supported element type (e.g. a linear triangle would be written as a degenerate form of ANSYS element 
type PLANE42). 



Coordinate Systems 

The interface writes a coordinate system's origin, rotation angles, and type (e.g. rectangular, cylindrical, 
spherical). 

Loads and Boundary Conditions 

For structural and thermal results, the following table lists ANS YS supported loads and their supported 
counterparts in Fern Builder. 



Type 


ANSYS 


Fern Builder 


Structural 


Translations 


Restraints (1-3) 


Rotations 


Restraints (4-6) 


Forces 


Nodal Forces (1-3) 


Moments 


Nodal Forces (4-6) 


Pressure 


Pressure 


Temperature 


Temperature 


Fluence 


Not supported 


Thermal 


Temperature 


Fixed Temperature 


Heat Flow Rate 


Not supported 


Convection 


Convection 


Heat Flux 


Heat Flux 


Infinite Surface 


Not supported 


Heat Generation 
Rate 


Heat Source (on an 
element or node) 



Material Properties 

The following table lists the ANSYS supported material properties and their supported counterparts in Fern 
Builder. 



ANSYS 


Fern Builder 


Elastic Modulus 
Poisson's Ratio 
Shear Modulus 


Elastic Modulus - Isotropic 
Elastic Modulus - Orthotropic 
Elastic Modulus - Anisotropic 


Thermal Expansion Coef. 


Expansion - Isotropic 
Expansion - Orthotropic 
Expansion - Anisotropic 


Thermal Conductivity 


Conductivity - Isotropic 
Conductivity - Orthotropic 
Conductivity - Anisotropic 


Mass Density 


Densitv 


Specific Heat 


Specific Heat - CP 


Emissivity 


Emissivity 



Top 
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Element Type Support 

A geometry type, such as linear triangle or linear quadrilateral, and an analysis type, such as plane stress or 
plane strain, define a Fem Builder element types. Table A.l-1 lists Fern Builder geometry types. Table A.l- 
2 lists Fem Builder analysis types. 



Table 1 : Fem Builder geometry types 



o 


Pninf 


1 
1 


T inpir T in** 


9 


V^/UULtl dUL. i^HlC 


1 
J 


l^lllCdl 1 IlallglC 


A 


V^UaUIdllL, llldllglC 


< 
J 


v anuDic i ridugic 


0 


T moor fiiilH 
l^inCill V^UdU 


7 




Q 
0 


VdndUlC V^UdU 


Q 


Linear i eira 


i c\ 

1U ! 


t^uauraiic leira 


1 1 


vanaDie ieira 


1 1 

IZ 


Linear Wedge 


1 1 
1 J 


Quadratic Wedge 


1 A 

14 


Variable Wedse 


1 c 
1 J 


Linear Brick 


1 £ 

10 


Quadratic Brick 


i n 

\ 1 


Variable Brick 




2 Node Interface: Opposing sides, point 


j 1 


4 Node Interface: Opposing sides, line 




6 Node Interface: Opposing sides, line 




6 Node Interface: Opposing faces 




8 Node Interface: Opposing faces 




to inouc interlace. uppuoing idccb 


36 


18 Node Interface: Opposing faces 


40 


1 Node + ref node Interface: Rigid, point 


41 


2 Node + ref node Rigid interface, line 


42 


3 Node + ref node Rigid interface, line 


43 


3 Node + ref node Rigid interface 


44 


4 Node + ref node Rigid interface 


45 


8 Node + ref node Rigid interface 


46 


9 Node + ref node Rigid interface 


50 


2D Infinite, 2-9 Node 


51 


3D Infinite, 4-27 Node 


60 


N Node User defined 



Table 2: Fern Builder Analysis Types 



Types for point elements 



0 


Node to ground translational spring 


I 


Node to ground rotational spring 


2 


Node to ground damper 


3 


Point mass 


Types for line elements 


20 


Node to node translational spring 


21 


Node to node rotational spring 


22 


Node to node damper 


23 


2D Truss 


24 


3D Truss 


25 


2D Beam 


26 


3D Beam 


27 


Axisymmetric shell 


28 


Asymmetric shell 


29 


Heat transfer 


30 


Axisymmetric heat transfer 


3L 


Slide line 


Types for planar elements 


40 


Plane stress 


41 


Plane strain 


42 


Generalized plane strain 


43 


Axisymmetric 


44 


Asymmetric 


45 


Membrane 


46 


Shell 


47 


Fluid 


48 


Heat transfer 


49 


Axisymmetric heat transfer 


Types for 3D elements 


60 


Structural 


61 


Heat transfer 


62 


Fluid 


Types for interface elements 


80 


I DOF structural interface 


81 


2 DOF structural interface 


82 


3 DOF structural interface 


83 


Structural interface 


84 


Axisymmetric structural interface 


85 


Heat transfer interface 


86 


Axisymmetric heat transfer interface 


Types for infinite elements 


LOO 


Plane stress 


101 


Plane strain 


102 


Axisymmetric 


103 


Solid 


Type for user defined elements 


120 


User defined 
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Element Type Support 

A geometry type, such as linear triangle or linear quadrilateral, and an analysis type, such as plane stress or 
plane strain, define a Fern Builder element types. Table A.l-1 lists Fem Builder geometry types. Table A.I- 
2 lists Fem Builder analysis types. 



Table 1 : Fem Builder geometry types 



o 


Point 


1 


T inenr T ine 


2 


Quadratic T inp 1 


3 


T inpnr Trinncxlp 


4 


OiinHrntir Trinnalp 


5 


V^rinhlp Trinncrlp 
v alluUlC illall^lC 


A 

VJ 


T inpir finiH 


7 


111 T^nntTf fliiirf I 
V^UaUI uLlW> V^UtiLl 


a 

o 


\/nriihIp Onirl 
v allaUlC V^UaU 


g 

y 


T inpnr Tptn 


10 


v^UJuldllL I did 


1 1 

1 1 


v an JDic lciru 


1 9 


Linear YYeuge 




v^uduraiic wedge | 


1 d 


vanaoie vveose 


i ^ 


Linear duck 


1 o 


v^uaarauc diick 


1 7 


vanaoie dhck 




2 Node Interface! Opposing sides, point 




*+ iNOue interlace, upposing siues, line 


^9 


6 Node Interface: Opposing sides, line 




6 Node Interface: Opposing faces 




8 Node Interface: Opposing faces 


35 


1 fS Nnnp TntPrTnr'p* (innn cmn r*ir**»c 
1 VJ 1>UUC HHClLdvC VUUUj 11 1 ii I JtCo 


36 


18 Node Interface: Opposing faces 


40 


1 Node + ref node Interface: Rigid, point 


41 


2 Node + ref node Rigid interface, line 


42 


3 Node + ref node Rigid interface, line 


43 


3 Node + ref node Rigid interface 


44 


4 Node + ref node Ridd interface 


45 


8 Node + ref node Rigid interface 


46 


9 Node + ref node Rigid interface 


50 


2D Infinite, 2-9 Node 


51 


3D Infinite, 4-27 Node 


60 


N Node User defined 



Table 2: Fern Builder Analysis Types 



Types for point elements 



0 


Node to ground translational spring 


1 


Node to ground rotational spring 


2 


Node to ground damper 


3 


Point mass 


Types for line elements 


20 


Node to node translational spring 


21 


Node to node rotational spring 


22 


Node to node damper 


23 


2D Truss 


24 


3D Truss 


25 


2D Beam 


26 


3D Beam 


27 


Axisymmetric shell 


28 


Asymmetric shell 


29 


Heat transfer 


30 


Axisymmetric heat transfer 


31 


Slide line 


Types for planar elements 


40 


Plane stress 


41 


Plane strain 


42 


Generalized plane strain 


43 


Axisymmetric 


44 


Asymmetric 


45 


Membrane 


46 


Shell 


47 


Fluid 


48 


Heat transfer 


49 


Axisymmetric heat transfer 


Types for 3D elements 


60 


Structural 


61 


Heat transfer 


62 


Fluid 


Types for interface elements 


80 


1 DOF structural interface 


81 


2 DOF structural interface 


82 


3 DOF structural interface 


83 


Structural interface 


84 


Axisymmetric structural interface 


85 


Heat transfer interface 


86 


Axisymmetric heat transfer interface 


Types for infinite elements 


100 


Plane stress 


101 


Plane strain 


102 


Axisymmetric 


103 


Solid 


Type for user defined elements 


120 User defined 
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Appendix - ANSYS Element Type Support 



Table 1 lists each supported ANSYS element type and the geometry type and analysis type that it is 
assigned when reading into Fern Builder. It also lists the ANSYS element types that are written to ANSYS 
from Fern Builder. ANSYS element types not directly supported on output will be mapped to the element 
type listed in the ANSYS output column. 



Table 1: ANSYS element type support 



ANSYS Input 


FEM Builc 


er Type 


ANSYS Output 


Name 


Description 


Geometry 


Analysis 


Map to Element 


LINK 1 


2D Spar 


1 


23 


1 


•PLANE2 


2D 6 node Triangle, Plane Stress 
2D 6 node Triangle, Plane Strain 
cu o noue i riangie, hxi symmetric 


4 


40 


82 


41 


82,84,108 


43 


82,84,108 


bLAMo 


2D Elastic Beam 


1 


25 


3 


bbAM4 


3D Elastic Beam 


1 


26 


4 


oULIUo 


3D 8 node Coupled Solid (brick or wedge) 


12,15 


60 


45 64 86 107 > 








61 


70 


/"> /~\ » in IM"7 

OOMBIN7 


Revolute Joint 


not supportec 






1 1 M I/O 

LINKS 


3D Spar 


1 


24 


R 


INFIN9 


2D Infinite Boundary 


not supported 






LI IN rx l U 


3D Spar - Tension only 


1 


23 




LINK1 1 


3D Actuator 


1 


23 




CONTAC12 


2D Point to Point Contact 


30 


81 


12 


PLANE13 


2D Coupled Field (linear quad,tri) 


3,6 


40 


AO 


41 


AO ^P, 1 Ofi 1 9,0 


43 


tc^vj, IUU| IOc 


48 


DO, 3 / 


49 


^ 7R 


COMBIN14 


Spring and/or Damper (1D.2D, and 3D) 


1 


20 


1 A 


21 


14 


22 


14 


PIPE16 


Elastic Straight Pipe 


1 


26 


4 


PIPE17 


Elastic Pipe Tee 


not supported 






PIPE18 


Elastic Curved Pipe (elbow) 


not supported 




SURF19 


2D Surface Effect 


not supported 




PIPE20 


Plastic Straight Pipe 


not supported 






MASS21 


Structural Point Mass 


0 


3 


21,71 


SURF22 


3D Surface Effect 


not supported 






*BEAM23 


2D Linear Beam 


1 


25 


3 


*BEAM24 


3D Linear Beam 


1 


26 


4 


PLANE25 


Axisymmetric with Asymetric loads 


3,6 


44 


25 


CONTAC26 


2D Point to Ground Contact 


40 


81 


26 


MATRIX27 


Stiffness, Damping, or Mass Matrix 


not supported 






*SHELL28 


Shear/Twist Panel 


6 


46 


63,181 


FLUID29 


2D Acoustic Fluid 


not supported 






FLUID30 


3D Acoustic Fluid 


not supported 






*LINK31 


Radiation (Is this a boundary condition?) 


1 


29,30 


32 


29 


33 



LINK32 


2D Conduction 


1 


29,30 


32 


LINK33 


3D Conduction 


1 


29 


33 


Nsme 


Description 


Geometry 


Analysis 


Map to Element 


*LINK34 


Convection (Is this a boundary condition?) 


1 


29,30 


32 


29 


33 


*PLANE35 


2D 6 node Trianqular Thermal Solid 


4 


48,49 


77 


SOURC36 


Current Source 


not supported 






COMBIN37 


Control 


not supported 




FLUID38 


Dynamic Fluid Coupling 


not supported 






'COMBIN39 


Nonlinear Spring (translation) 


1 


20 


14 


(rotation) 


21 


14 


COMBIN40 


Combination 


30 


80,85 


40 


SHELL41 


Membrane Shell 


3,6 


45 


41 


PLANE42 


2D 4 node Structural Solid (stress) 


3,6 


40 


42,182 


(strain) 


41 


42,182 ! 


(axisymmetric) 


43 


42,182 


'SHELL43 


Plastic Large Strain Shell 


3,6 


46 


63,181 ! 


BEAM44 


3D Offset Tapered Unsymmetric Beam 


not supported 






SOLID45 


3D Structural Solid 


9,12,15 


60 


45 


*SOLID46 


3D Layered Structural Solid 


9,12,15 


60 


45,64,86,107 


INFIN47 


3D Infinite Boundary 


not supported 






CONTAC48 


2D Point to Surface Contact 


not supported 




CONTAC49 


3D Point to Surface Contact 


not supported 




MATRIX50 


Superelement 


not supported 


I I 


*SHELL51 


Axisvmmetric Structual Shell 


1 


27 


61 I 


CONTAC52 


3D Point to Point Contact 

w 1— ' 1 V_/ II 1 l IV 1 Willi \J\J \ 1 I 


30 


82,83 


52 


PLANE53 


Magnetic 


not supported 






*BEAM54 


2D Offset Taoered Unsvmmetric Beam 


not supported 




3 


PLANE55 


2D Thermal Solid 


3,6 


48 


55,57 


49 


55,75 


HYPER56 


2D 4 node Hvoerelastic Solid 


3,6 


41,43 


42,56,106,182 


SHELL57 


3D 4 node Thermal Shell 

r i i %^ ill w l l l l \m+ 1 l l v 1 1 


3,6 


48 


57 


'HYPER58 


3D 8 node Hvoerelastic Solid 


9,12,15 


60 


45,64,86,107 


PIPE59 


Immersed Pine or Cable 


not supported 






PIPE60 


Plastic Curved Pine (elbow^ 


not supported 






SHELL61 


2 node Axisvmmetric with Asvmptric Load^ 

1 IVUU fiAlO yl 1 II 1 1 v* 1 1 lu Willi ftO VI 1 I^U 1 W LUUUtJ 


1 


27 


61 


SOLID62 


Mannetic Solid 

IVIUUI lullw VJUIIU 


not supportec 






*SHELL63 


3D 4 node Elastic Shell 


3,6 


46 


63,181 


SOLID64 


3D 8 node Anteotronic Solid 


9,12,15 


60 


45,64,86,107 


*SOLID65 


Reinforced Conrrptp 

1 Iv II llvlwvvJ vVJI IUI UlV 


9,12,15 


60 


45,64,86,107 


TLUID66 


3D Thermal Fluid Pinp 


1 


29 


32,33 


*PLANE67 


4 node Thprmal Flprtrir Solid 1 inpar 


3,6 


48 


55,57 


*LINK68 


Thprmal Flprtrir 1 inp 

1 1 Id 1 1 1GI l_IC-wU i \j l_M \KZ 


1 


29 


32,33 


'SOLID69 


?D Thprmal Flprtrir 9nliH 


9,12,15 


61 


70 


SOLID70 


3D Thermal Solid 


9,12,15 


61 


70 


MASS71 


Thprmal Point Mace 


0 


3 


21,71 


*SOLID72 


3D 4 node Tetrahedron with Rotations 


9 


60 


72,86,107 


'SOLID73 


OU O 1 OUUUlUlal DllwN Willi llUlaUUIlo 


9,12,15 


60 


45,64,86,107 


*HYPER74 


2D 8 node Hyper-elastic Solid 


4,7 


41,43 


82,84,108 


PLANE75 


4 node Thermal Axisymmetric with Asymmetric 
Loads 


3,6 


49 


55,75 


PLANE77 


2D 8 node Thermal Solid 


4,7 


48 


77 


49 


77,78 


PLANE78 


8 node Thermal Axisymmetric with Asymmetric 


4,7 


49 


77,78 





Loads 






FLUID79 


2D Contained Fluid 


not supported 




Name 


Description 


Geometry 


Analysis 


Map to Element 


FLUID80 


3D Contained Fluid 


not supported 




FLUID81 


Axisymmetric-Harmonic Contained Fluid 


not supported 






PLANE82 


2D 8 node Structural Solid 


4,7 


40 


82 


41 


82,84,108 


43 


82,84,108 


*PLANE83 


8 node Axisymmetric with Asymmetric Loads 


4,7 


43 


82,84,108 


HYPER84 


2D 8 node Hyperelastic Structural Solid 


4,7 


43 


82,84,108 


HYPER86 


3D 8 node Hyperelastic Structural Solid 


9,12,15 


60 


45,64,86,107 


*SOLID87 


1 0 node Thermal Tetrahedron 


10 


61 


90 


•VISC088 


2D 8 node Viscoelastic Solid 


4,7 


41,43 


82,84,108 


*VISC089 


3D 20 node Viscoelastic Solid 


9,12,15 


60 


45,64,86,107 


SOLID90 


20 node Thermal Solid 


10,13,16 


61 


90 


•SHELL91 


8 node Nonlinear Layered Structural Shell 


4,7 


46 


93,99 


•SOLID92 


1 0 node Structural Tetrahedron 


10 


60 


92,158 


SHELL93 


8 node Structural Shell 


4.7 


46 


93,99 


SOLID95 


20 node Structural Solid 


10,13,16 


60 


95,185 


SOLID96 


3D Magnetic Scalar Solid 


not supported 




SOLID97 


3D Magnetic Solid 


not supported 






'SOLID98 


10 node Coupled Field Tetrahedron 


10 


60 


95,185 


61 


90 


SHELL99 


8 node Layered Shell 


4,7 


46 


93.99 


VISCO106 


2D 4 node Large Strain (viscoelastic) 


3,6 


41,43 


42,56,106,182 


VISCO107 


3D 8 node Large Strain (viscoelastic) 


9,12,15 


60 


45,64,86,107 


VISCO108 


2D 8 node Large Strain (viscoelastic) 


4,7 


41,43 


82,84,108 


INFIN110 


2D 4 node Infinite Solid 


50 


100,101, 
axi 


110 


51 


100,101, 
axi 


110 


INFIN111 


3D 8 node Infinite Solid 


51 


102 


111 






not supported 




INTER115 


3D Magnetic Interface 


not supported 




*FLUID116 


3D 2 node Thermal Fluid Pipe 


1 


29 


32,33 


S0LID117 


3D Magnetic Solid 


not supported 




HF119 


3D Tetrahedral High-frequency 


not supported 




HF120 


3D BrickAA/edge High-frequency 


not supported 




PLANE121 


2D 8 node Electrostatic Solid 


not supported 




SOLID122 


3D 20 node Electrostatic Solid 


not supported 




SOLID123 


3D 10 node Tetrahedral Electrostatic Solid 


not supported 




CIRCU124 


General Circuit 


not supported 




FLUID129 


2D Infinite Acoustic 


not supported 




FLUID130 


3D Infinite Acoustic 


not supportec 






'FLUID141 


2D 4 node Thermal Fluid 


3,6 


48 


55,57 


FLUID142 


3D 8 node Thermal Fluid 


9,12,15 


62 


142 


'SHELL143 


3D 4 node Plastic Shell 


3,6 


46 


63,181 


*PLANE145 


2D 8 node Structural P-element 


4,7 


40,41,43 


82,84,108 


'PLANE146 


2D 6 node Structual P-element 


4 


40,41,43 


82,84,108 


•SOLID147 


3D 20 node Structural Brick P-element 


10,13,16 


60 


95,185 


*SOLID148 


3D 10 node Structrual Tetrahedron 


10 


60 


95,185 


'SHELL150 


3D 8 node Structural Shell P-element 


4,7 


46 


93,99 


SURF151 


2D Thermal Surface Effect 


not supported 




SURF152 


3D Thermal Surface Effect 


not supported 





SURF153 


2D Structural Surface Effect 


not supported 




SURF154 


3D Structural Surface Effect 


not supportec 






Name 


Description 


Geometry 


Analysis 


Map to Element 


'SHELL157 


4 node Thermal-electric Shell 


3,6 


48 


55,57 


'HYPER158 


3D 1 0 node Hyperelastic Tetrahedron 


10 


60 


158 


LINK160 


3D Explicit Spar 


not supportec 






BEAM161 


3D Explicit Beam 


not supported 




SHELL163 


Explicit Thin Structural Shell 


not supported 




SOLID164 


3D Explicit Structural Shell 


not supported 




COMBIN165 


Explicit Spring-Damper 


not supported 




MASS 166 


3D Explicit Structural Mass 


not supported 




LINK167 


Explicit Spar (tension only) 


not supported 




TARGE 169 


2D target segmet (slide line) 


supported, not as an element 


TARGE 170 


3D Target Surface 


not supported 




CONTA171 


2D Surface to Surface Contact 


supported, not as an element 


CONTA172 


2D 3 node Surface to Surface Contact 


supported, not as an element 


CONTA173 


3D Surface to Surface Contact 


supported, not as an element 


CONTA174 


3D 8 node Surface to Surface Contact 


supported, not as an element 


SHELL181 


3D 4 Node Structural Shell (reduced integrate) 


3,6 


46 


63,181 


PLANE182 


2D 4 node Structural Solid (reduced integrate) 


3,6 


40 


42,182 


41 


42,56,106,182 


43 


42,56,106,182 


SOLID185 


3D 8 node Structural Solid (reduced integrate) 


10,13,16 


60 


95,185 


BEAM188 


3D 2 node Finite Strain Beam 


not supported 






BEAM189 


3D 3 node Finite Strain Beam 


not supported 





* Element type not supported on output to ANS YS. Output to ANSYS uses the mapped 
element type. 



A.2 Element mapping from Fern Builder to ANSYS 

The following tables map the Fern Builder geometry and analysis types to the supported ANSYS elements 
that are written in the Fern Builder to ANSYS output file. 



Table 2: Types for point elements 





o 






Q. 

>. 












£ 
o 


c 




O 


"o 
a 


Analysis type 




0 o 


Node to ground translational spring 


0 




Node to ground rotational spring 


1 




Node to ground damper 


2 




Point mass 


3 


21,71 



Table 3: Types for line elements 





Geometry type 


Linear Line 


1 Quadratic Line 


Analysis type 




.^1 




Node to node transiationai spring 


£20 


14 




Node to node rotational spring 


•21 


14 




Node to node damper 


22 


14 




2D Truss 


.23 


1 


1 


3D Truss 


24 


8 


8 


2D Beam 


25 


3 


3 


3D Beam 


-•26 


4 


189 


Axisymmetric shell 


.27 


61 


61 


Asymmetric shell 


• 28 


61 


61 


Heat transfer 


29 


32,33 


32,33 


Axisymmetric heat transfer 


30 


32 


32 



Table 4: Types for planar elements 





Geometry type 


Linear Triangle 


Quadratic Triangle 


Variable Triangle 


Linear Quad 


Quadratic Quad 


Variable Quad 


Analysis type 




3 ** 


4 


5 -k ■ 


6 .. 


7 . , . 


8 .,. ... 


Plane stress 


■40 


42,182 


82 


82 


42,182 


82 


82 


Plane strain 


;41 


42,56,106,182 


82,84,108 


82,84,108 


42,56,106.182 


82.84,108 


82,84,108 


Generalized plane strain 


,42 


42,56,106.182 


82,84,108 


82,84,108 


42.56,106,182 


82,84,108 


82,84,108 


Axisymmetric 


43 


42,56,106,182 


82,84,108 


82,84,108 


42,56,106.182 


82,84,108 


82,84,108 


Asymmetric 


.44 


25 


83,84 


83,84 


25 


83,84 


83,84 


Membrane 


45 


41 






41 






Shell 


46 


63,181 


93.99 


93,99 


63.181 


93,99 


93,99 


Fluid 


: 47 


141 


141 


141 


141 


141 


141 


Heat transfer 


-•48 


55,57 


77 


77 


55,57 


77 


77 


Axisymmetric heat transfer 


,49 


55,75 


77,78 


77,78 


55,75 


77.78 


77.78 




Table 



5: Types for 3 



dimensional elements 

















cd 












type 


co 

u. 


Tetra 


etra 


cd 

O) 
"D 




Wedg 


/edge 




Brick 


o 




letry 


Q3 

f- 


-atic 


H 

CD 


CD 




o 

I 


a) 


u 
m 


o 
«j 


m 

a> 




c 


<5 


~c 


X3 

.2 


ca 




"O 


.Q 

to 


m 


■o 


JO 
CO 




o 


01 


CO 




CD 




CO 




CD 


ca 






CD 


c 


3 


co 


C 




3 


CO 


c 


3 


CO 




o 


'D 


O 


> 






O 


> 


_! 


o 


> 


Analysis type 






10 


11 ; ;,, 


12 




13 , : 


14 .*-. 


15; 


16 


17 


Structural 




72,86,107 


92,158 


92,158 


45,64 


,86,107 


95,185 


95,185 




95,185 


95,185 


Heat transfer 


W 


70 


90 


90 


70 


90 


90 


70 


90 


90 


Fluid 


32 


142 


142 


142 








142 


142 


142 



Table 6: Types for interface elements 





Geometry Type 


2 Node Inlerface: Opposing sides 


4 Node Interface: Opposing sides 


6 Node Interface: Opposing sides 


6 Node Interface: Opposing faces 


8 Node Interface: Opposing faces 


16 Node Interface: Opposing 
faces 


18 Node Interface: Opposing 
faces 


1 Node + ref node Inlerface: 
Rigid 


2 Node + ref node Rigid interface 


3 Node + ref node Rigid interface 


3 Node + ref node Rigid interface 


4 Node + ref node Rigid interface 


8 Node + ref node Rigid inlerface 


9 Node + rel node Rigid interface 


Analysis Type 




30., 


31 


32 


33 




35 


36 " 


40 ; 




42 " 


43 • 


44 


45 ' 


46 . 


1 DOF structural interface 


:80 


40 




























2 DOF structural interface 


:s\ 


12 














26 














3 DOF structural interface 


;.82 


52 




























Structural interface 


1;83 


52 




























Axi symmetric structural interface 


:/84 






























Heat transfer interface 


.85 


40 




























Axisymmetric heat transfer interface 


.86 































Table 7: Types for infinite elements 







0) 












c 


cn 


CM 








>> 


CVJ 




CD 






>» 


CD 




CO 

ZD 






o 




'c 


CD TD 






E 
o 


"c CD 


*C CD 
— *D 


"O CD 
O C 






CD 


— "D 

Q o 


Q O 


5 • 






O 


CM Z 


co Z 


Z "D 


Analysis type 




50 


51 • 


60 


Plane stress 


.100 


110 






Plane strain 


101 


110 






Axisymmetric 


102 


110 







51 



Solid 


£1.03 




111 




Type for user defined elements 










User defined 


-.:,;! 20 
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Appendix - ANSYS Element Type Support 



Table 1 lists each supported ANSYS element type and the geometry type and analysis type that it is 
assigned when reading into Fern Builder. It also lists the ANSYS element types that are written to ANSYS 
from Fern Builder. ANSYS element types not directly supported on output will be mapped to the element 
type listed in the ANSYS output column. 



Table 1 : ANSYS element type support 



ANSYS Input 


FEM Build 


er Type 


ANSYS Output 


Name 


Description 


Geometry 


Analysis 


Map to Element 


l_MNi\ I 




1 


23 


1 


♦PLANE2 


2D 6 node Triangle, Plane Stress 
2D 6 node Triangle, Plane Strain 
2D 6 node Triangle, Axisymmetric 


4 


40 


82 


41 


82,84,108 


43 


82,84,108 


RPAiVH 

DCMIVIO 


9D Fla<;tir Rpam 


1 


25 


3 


DC A |\yM 


OU LZldoUL, Ocdfll 


1 


26 


4 




opt p nnrlo Cm inloH ^oliH fHripW nr wpHnp^ 


12,15 


60 


45,64,86,107 








61 


70 


rnMRiM7 

L/vJIVlDlIN / 


nevoiuit? joiiii 


not supported I 


LIINPvO 


OU opal 


1 


24 |8 


INFIMQ 


0T~\ Infinite Rmmrisin/ 
£L/ WlllllllC DUUIIUdly 


not supported i 


Li In r\ i u 


Cnar • Toncirtn n.nl\/ 
oU OfJdi I ciioiui I UMiy 


1 


23 


1 




OL/ MClUdlUT 


1 


23 


1 




0r\ Dnint tn Dnint f^ontQ/"! 
e.\J rUini lO rOint oonidl/l 


30 


81 


12 


PI AMP1Q 


ooupieo rieiQ umear quau.in^ 


3,6 


40 


42 


41 


42,56,106,182 


43 


42,56,106,182 


48 


55,57 


49 


55,75 


COMBIN14 


Spring and/or Damper (1 D,2D, and 3D) 


1 


20 


14 


21 


14 


22 


14 


PIPE16 


Elastic Straight Pipe 


1 


26 


4 


PIPE17 


Elastic Pipe Tee 


not supported 




PIPE18 


Elastic Curved Pipe (elbow) 


not supported 




SURF19 


2D Surface Effect 


not supported 




PIPE20 


Plastic Straight Pipe 


not supportec 






MASS21 


Structural Point Mass 


0 


3 


21,71 


SURF22 


3D Surface Effect 


not supportec 






*BEAM23 


2D Linear Beam 


1 


25 


3 


*BEAM24 


3D Linear Beam 


1 


26 


4 


PLANE25 


Axisymmetric with Asymetric loads 


3,6 


44 


25 


CONTAC26 


2D Point to Ground Contact 


40 


81 


26 


MATRIX27 


Stiffness, Damping, or Mass Matrix 


not supportec 






'SHELL28 


Shear/Twist Panel 


6 


46 


63,181 


FLUID29 


2D Acoustic Fluid 


not supported 




FLUID30 


3D Acoustic Fluid 


not supportec 


j 




*LINK31 


Radiation (Is this a boundary condition?) 


1 


29,30 


32 


29 


33 



G( 



LINK32 


2D Conduction 


1 


29,30 


32 


LINK33 


3D Conduction 


1 1 


29 


33 


Name 


Description 


Geometry 


Analysis 


Map to Element 


*LINK34 


Convection (Is this a boundary condition?) 


1 


29,30 


32 | 


29 


33 


•PLANE35 


2D 6 node Triangular Thermal Solid 


4 


48,49 


77 


SOURC36 


Current Source 


not supported 






COMBIN37 


Control 


not supported 




FLUID38 


Dynamic Fluid Coupling 


not supported 






*COMBIN39 


Nonlinear Spring (translation) 


1 


20 


14 


(rotation) 


21 


14 


COMBIN40 


Combination 


30 


80,85 


40 


SHELL41 


Membrane Shell 


3,6 


45 


41 


PLANE42 


2D 4 node Structural Solid (stress) 


3,6 


40 


42,182 


(strain) 


41 


42,182 


(axisymmetric) 


43 


42,182 


'SHELL43 


Plastic Large Strain Shell 


3,6 


46 


63,181 


BEAM44 


3D Offset Tapered Unsymmetric Beam 


not supported 






SOLID45 


3D Structural Solid 


9,12,15 


60 


45 


'SOLID46 


3D Layered Structural Solid 


9,12,15 


60 


45,64,86,107 


INFIN47 


3D Infinite Boundary 


not supported 






CONTAC48 


2D Point to Surface Contact 


not supported 




CONTAC49 |3D Point to Surface Contact 


not supported 




MATRIX50 ISuperelement 


not supported 




i 
i 


*SHELL51 lAxisymmetric Structual Shell 


1 


27 


61 I 


CONTAC52 


3D Point to Point Contact 


30 


82,83 


52 I 


PLANE53 


Magnetic 


not supported 


! 


*BEAM54 


2D Offset Tapered Unsymmetric Beam 


not supported 




3 


PLANE55 


2D Thermal Solid 


3,6 


48 


55,57 


49 


55,75 


HYPER56 


2D 4 node Hyperelastic Solid 


3,6 


41,43 


42,56,106,182 


SHELL57 


3D 4 node Thermal Shell 


3,6 


48 


57 


•HYPER58 


3D 8 node Hyperelastic Solid 


9,12,15 


60 


45,64,86,107 


PIPE59 


Immersed Pipe or Cable 


not supported 






PIPE60 


Plastic Curved Pipe (elbow) 


not supported 




SHELL61 


2 node Axisymmetric with Asymetric Loads 


1 27 


61 


SOLID62 


Magnetic Solid 


not supported 




*SHELL63 


3D 4 node Elastic Shell 


3,6 


46 


63,181 


SOLID64 


3D 8 node Anisotropic Solid 


9,12,15 


60 


45,64,86,107 


*SOLID65 


Reinforced Concrete 


9,12,15 


60 


45,64,86,107 


*FLUID66 


3D Thermal Fluid Pipe 


1 


29 


32,33 


*PLANE67 


4 node Thermal Electric Solid, Linear 


3,6 


48 


55,57 


*LINK68 


Thermal Electric Line 


1 


29 


32,33 


'SOLID69 


3D Thermal Electric Solid 


9,12,15 


61 


70 


SOLID70 


3D Thermal Solid 


9,12,15 


61 


70 


MASS71 


Thermal Point Mass 


0 


3 


21,71 


*SOLID72 


3D 4 node Tetrahedron with Rotations 


9 


60 


72,86,107 


•SOLID73 


3D 8 node Structural Brick with Rotations 


9,12,15 


60 


45,64,86,107 


*HYPER74 


2D 8 node Hyper-elastic Solid 


4,7 


41,43 


82,84,108 


PLANE75 


4 node Thermal Axisymmetric with Asymmetric 
Loads 


3,6 


49 


55,75 


PLANE77 


2D 8 node Thermal Solid 


4,7 


48 


77 


49 


77,78 


PLANE78 


8 node Thermal Axisymmetric with Asymmetric 


4,7 


49 


77,78 



fez- 



SURF153 


2D Structural Surface Effect 


not supported 




SURF154 


3D Structural Surface Effect 


not supported 






Name 


Description 


Geometry 


Analysis 


Map to Element 


'SHELL157 


4 node Thermal-electric Shell 


3,6 


48 


55,57 


'HYPER158 


3D 10 node Hyperelastic Tetrahedron 


10 


60 


158 


LINK160 


3D Explicit Spar 


not supported 






BEAM161 


3D Explicit Beam 


not supported 




SHELL163 


Explicit Thin Structural Shell 


not supported 




SOLID164 


3D Explicit Structural Shell 


not supported 




COMBIN165 


Explicit Sprinq-Damper 


not supported 




MASS166 


3D Explicit Structural Mass 


not supported 




LINK167 


Explicit Spar (tension only) 


not supported 




TARGE169 


2D target segmet (slide line) 


supported, not as an element 


TARGE170 


3D Target Surface 


not supported 




C0NTA171 


2D Surface to Surface Contact 


supported, not as an element 


CONTA172 


2D 3 node Surface to Surface Contact 


supported, not as an element 


CONTA173 


3D Surface to Surface Contact 


supported, not as an element 


CONTA174 


3D 8 node Surface to Surface Contact 


supported, not as an element 


SHELL181 


3D 4 Node Structural Shell (reduced integrate) 


3,6 


46 


63,181 


PLANE182 


2D 4 node Structural Solid (reduced integrate) 


3,6 


40 


42,182 


41 


42,56,106,182 


43 


42,56,106,182 


SOLID185 


3D 8 node Structural Solid (reduced integrate) 


10,13,16 


60 


95,185 


BEAM188 


3D 2 node Finite Strain Beam 


not supported 




BEAM189 


3D 3 node Finite Strain Beam 


not supported | 



* Element type not supported on output to ANSYS. Output to ANSYS uses the mapped 
element type. 



A.2 Element mapping from Fern Builder to ANSYS 

The following tables map the Fern Builder geometry and analysis types to the supported ANSYS elements 
that are written in the Fern Builder to ANSYS output file. 



Table 2: Types for point elements 





Geometry type 


Point 


Analysis type 




0 


Node to ground translational spring 


0 




Node to ground rotational spring 






Node to ground damper 


2 




Point mass 


:. 3 


21,71 



t>5 



Table 3: Types for line elements 





Geometry type 


Linear Line 


Quadratic Line 


Analysis type 








Node to node translational spring 


>20 


14 


>*■.•»■* k 

• - • / j. 


Node to node rotational spring 


21 


14 




Node to node damper 


<22 


14 




2D Truss 


23 


1 


1 


3D Truss 


24 


8 


8 


2D Beam 


25 


3 


3 


3D Beam 


26 


4 


189 


Axisymmetric shell 


27 


61 


61 


Asymmetric shell 


28 


61 


61 


Heat transfer 


.29 


32,33 


32,33 


Axisymmetric heat transfer 


"30 


32 


32 



Table 4: Types for planar elements 





Geometry type 


Linear Triangle 

i 


Quadratic Triangle 


Variable Triangle 


Linear Quad 


Quadratic Quad 


Variable Quad 


Analysis type 




3 


4 J;;: . . • 


5 .. 


6 t " \ :g 


7 • \ 


8 . f r 


Plane stress 


:,40 


42,182 


82 


82 


42,182 


82 


82 


Plane strain 


.41 


42,56,106,182 


82,84,108 


82,84,108 


42,56,106,182 


82,84,108 


82,84,108 


Generalized plane strain 


42 


42,56,106,182 


82,84,108 


82,84,108 


42,56,106,182 


82,84,108 


82,84,108 


Axisymmetric 


43 


42,56,106,182 


82,84,108 


82,84,108 


42,56,106,182 


82,84,108 


82,84,108 


Asymmetric 


•44 


25 


83,84 


83,84 


25 


83,84 


83,84 


Membrane 


•45 


41 






41 






Shell 


.:46 


63,181 


93,99 


93,99 


63,181 


93,99 


93,99 


Fluid 


•47 


141 


141 


141 


141 


141 


141 


Heat transfer 


-^48 


55,57 


77 


77 


55,57 


77 


77 


Axisymmetric heat transfer 


:49 


55,75 


77,78 


77,78 


55,75 


77,78 


77,78 



Table 



5: Types for 3 



dimensional elements 





>metry type 


$ar Tetra 


Quadratic Tetra 


iable Tetra 


Linear Wedge 


Quadratic Wedge 


iable Wedge 


Linear Brick 


adratic Brick 


iable Brick 




%j 
a 
C 


w 
c 


CO 
> 


CO 

> 


o 


CO 

> 


Analysis type 






10 


11 • 


12 . 


13 - ; 


14 ^ 


15..: 


16 y 


17/ 


Structural 


,60 


72,86,107 


92,158 


92,158 


45,64,86,107 


95,185 


95,185 




95,185 


95,185 


Heat transfer 


461 


70 


90 


90 


70 


90 


90 


70 


90 


90 


Fluid 


62 


142 


142 


142 








142 


142 


142 



Table 6: Types for interface elements 





Geometry Type 


2 Node Interface: Opposing sides 


4 Node Interface: Opposing sides 


6 Node Interface: Opposing sides 


6 Node Interface: Opposing faces 


8 Node Interface: Opposing faces 


16 Node Interface: Opposing 
faces 


18 Node Interface: Opposing 
faces 


1 Node + ref node interface: 
Rigid 


2 Node + ref node Rigid interface 


3 Node + ref node Rigid interface 


3 Node + ref node Rigid interface 


4 Node + ref node Rigid interface 


8 Node + ref node Rigid interface 


© 
c 

S 
c 

if 

o 
o 

o 

+ 
o 

o 
z 
o 


Analysis Type 




30. 


31 " 


32 


33 U 


34 


35 ■ 


36 ;;. 


40 


41 


42 


43 


44 ;. 


45 . 


46 


1 DOF structural interface 


,80 


40 




























2 DOF structural interface 


81 


12 














26 














3 DOF structural interface 


J82 


52 




























Structural interface 


;83 


52 




























Axisymmetric structural interface 


;84 






























Heat transfer interface 


•85 


40 




























Axisymmetric heat transfer interface 


86 































Table 7: Types for infinite elements 







CD 




r*» 








Q_ 


O) 


OJ 








>> 


OJ 


TT 


QJ 






>> 
L. 


Q) 


3 


CO 






Q3 


"c 


*c 


CD "D 






E 
o 


c o 


*C <D 
— "D 


o g 








— "O 

Q o 


Q o 








O 


cm Z 


co Z 


Z -a 


Analysis type 




50. ■ 


51 . 


60 


Plane stress 


100 


110 






Plane strain 


101 


110 






Axisymmetric 


102 


110 







Solid 


.103 




111 




Type for user defined elements 










User defined 


120 









Return to Table of Contents 



Aschar Read Output File Interlace 

This interface reads Aschar *output (plot) files and extracts grid coordinates, material ids, centroidal 
temperatures of elements, coordinates of points on the ablation boundary, and temperatures at those points. 
This data is used to generate grids and temperature results. 

The user has two grid options: 

1. Save original grid and view the ablation profile as a function of time. Calculated nodal temperature and 
an ablation surface are saved for each time interval. Displacement results are created at each time step 
and displacements are defined to move nodes on the ablating surface of the original mesh to the current 
ablation surface location. 

2. Use the ablation surface at a given time to edit and view the ablated structural grid. Nodal temperature 
results are calculated and saved at the time specified by the user. 

The user also has the option of saving the centroidal temperatures of the elements. 

Nodal temperature results along the ablation surface are interpolated from the given ablation surface 
centroidal results. The rest of the nodal temperature results are interpolated from the element centroidal 
temperature results given in the output file. The interpolation is done using a weighted inverse distance 
method. In other words, the smaller the distance between the centroid and the node the greater the influence 
it has in the interpolation of the nodal temperature. 

*The Aschar output file is a binary file. 

Return to Table of Contents 




GridGen Read File Interface 

This interface reads GridGen .grd and Plot 3D .p3d files and generates corresponding nodes and elements. 
Return to Table of Contents 



Ideas Master Series Read Universal File Interface 

This interface reads Ideas Master Series (Ideas MS) universal files and extracts FEM data from supported 
data set sections. Supported data sets are as follows: 



Name 


Data Set 


Header 


151 


Units 


164 


Matenal 


1710 


Laminate Definitions 


2415 


Coordinate systems 


2420 ! 


Nodes 


2411 


Elements 


2412 


Associated Element Data 


748 


Constraint Sets 


754 


Permanent Groups 


2429 


Restraint Sets 


791 


Load Sets 


790 


Amplitude 


794, 796 


Analysis Data 


2414 



Universal file data is converted from SI units into current model units as the file is read. After reading the 
universal file, FEM Builder converts axisymmetric models from the Ideas MS R-0-Z convention to the 
FEM Builder 1-2-3 coordinate system convention. 

* Only the material property name is extracted. Material properties are ignored. 
Top 

Ideas Master Series Write Universal File Interface 

This interface writes Ideas Master Series universal files. Supported data sets are as follows: 



Name 


Data Set 


Header 


151 


Units 


164 


Material 


1710 


Laminate Definitions 


2415 


Coordinate svstems 


2420 


Nodes 


2411 


Elements 


2412 


Associated Element Data 


748 


Constraint Sets 


754 


Permanent Groups 


2429 


Restraint Sets 


791 


Load Sets 


790 


Analysis Data 


2414 



FEM Builder converts axisymmetric models from it's 1-2-3 coordinate system to the Ideas MS R-0-Z 
convention. 

• Top 

Return to Table of Contents 



PATRAN Read Neutral File Interface 

The neutral file is the way of transmitting PATRAN' s database in and out of its system to other analysis 
programs. It is organized into "packets". Each packet contains the data for a fundamental unit of the model, 
such as the definition of a specific finite element. The following table shows the packets that are supported 
in Fern Builder's Read PATRAN interface. 



Packet Number 


Packet Description 


25 


File title 


1 


Node data 


2 


Element data 


3 


Material properties 


5 


Coordinate system 


6 


Distributed loads - pressures 


7 


Node forces 


8 


Node displacements 


14 


MPC data - constraints 


21 


Named components - groups 


31 


Grid data - points 


32 


Line data - curves 



Nodes 

The interface reads node label, coordinates, and displacement coordinate system. 
Elements 

The following table lists each supported PATRAN element geometry type and the corresponding Fern 
Builder element geometry type that supports it. 



PATRAN 


Number of 


FEM Builder 


Geometry Type 


nodes 


Geometry Type 


Bar 


2 


Linear Line 




3 


Quadratic Line 


Triangle 


3 


Linear Triangle 




6 


Quadratic Triangle 




9 


Not supported 


Quad 


4 


Linear Quad 




8 


Quadratic Quad 




12 


Not supported 


Tetra 


4 


Linear Tetra 




10 


Quadratic Tetra 


Wedge 


6 


Linear Wedge 




15 


Quadratic Wedge 




24 


Not supported 


Hex 


8 


Linear Brick 




20 


Quadratic Brick 




32 


Not supported 



The PATRAN neutral file has a configuration number in its element data. It is assumed that it relates to the 
element's analysis type. PATRAN elements without a configuration number use the FEM Builder analysis 
type that is specified in the user interface. Non-zero configuration numbers are assumed to be the analysis 
characteristic code as used by FEM Builder. This implies that all elements supported in Fern Builder are 
supported in the interface. 



Material Properties 

Fern BuSde^ ^ ^ PATRAN SUPP ° rted """"^ Pr ° PerdeS 3nd their su PP orted counterparts in 



PATRAN 


Fern Builder 


Elastic Modulus 
Poisson's Ratio 
Shear Modulus 


Elastic Modulus - Isotropic 
Elastic Modulus - Orthotropic 
Elastic Modulus - Anisotropic 


Thermal Expansion 
6 coefficients 


Expansion - Isotropic 
Expansion - Orthotropic 
Expansion - Anisotropic 


Thermal Conductivity 
6 conductivities 


Conductivity - Isotropic 
Conductivity - Orthotropic 
Conductivity - Anisotropic 


Density 


Densitv 


Specific Heat 


Specific Heat - CP 


Emissivity 


Emissivitv 



Coordinate Systems 

The interface reads a coordinate system's origin, points on Z and X axis, rotation matrix and tvpe fe * 
rectangular, cylindrical, spherical). • P [ g ' 

Loads and Boundary Conditions 

llmZSZf. reSU ' tS ' f0 " 0WinS tab ' e ' iStS PATRAN SUPP ° rted ' 0adS and their SU PP™ ed counterparts in 



Type 


PATRAN 


Fern Builder 


Structural 


Translations 


Restraints (1-3) 




Forces 


Nodal Forces (1-3) 




Pressure 


Pressure 




Temperature 


Temperature 



Constraints 

The interface reads constraints (MPC data) from PATRAN into Fern Builder. 
Groups 

The interface reads group id, name, member's type, and member's label. 
Points 

The interface reads point label, and coordinates. 
Curves 

The interface reads curve label, and curve coefficients. 
Top 

PATRAN Write Neutral File Interface 

Si* Ce ; V , riteS 3 P * T * AN M ®* ^d files containing results from a finite element model in 

Wtfr - flle ,S ° nly Way t0 paSS dQta int0 PATRAN's database. It is organized into 

packets containing the data for a fundamental unit of the model. The following table shows the packets 
that are supported in this interface. . w pa<-Kets 




Nodes 

The i„,e rfaC e w rites node hbel , C00rdinaKS , and ^ „ f ^ 
Elements 

FEM Builder element analysis type. C confi 2 urat '°n "umber that is output is the 



PATRAN 
^Geometry Type 


Number of 
nodes 


FEM Builder 
Geometry Type 


Bar 


2 
3 


Linear Line 


Triangle 


3 


Quadratic Line 
Linear Trianale 




6 
9 


Quadratic Triangle 


Quad 


4 


Not supported 
Linear Ouad 




8 

12 J 


Quadratic Ouad 


Tetra 


4 
10 


Not supported 
Linear Tetra n 


Wedge 


6 


Quadratic Tetra 
Linear Wed^e 




15 

24 


Quadratic Wed^e 


Hex 


8 


Not supported 
Linear Brick 




20 

32 j 


Quadratic Brick 
Not supported 



Material Properties 



- __PATRAN 

Elastic Modulus 
Poisson's Ratio 
Shear Modulus 


_ Fern Builder 

Elastic Modulus - Isotropic 
Elastic Modulus - Orthotropic 
Elastic Modulus - Anisotropic 


Thermal Expansion 
6 coefficients 


Expansion - Isotropic 
Expansion - Orthotropic 
Expansion - Anisotropic 



7?- 



Thermal Conductivity 
6 conductivities 



Coordinate Systems 



Conductivity -Isotropic 
Conductivity -Orthotopic 
Conductivity-A nisptr^ 

_Density — 

j ggcific Heat - CP 

Emissivitv 



Loads and Boundary Conditions 

^ rCSU,tS ' ** ** PATRAN supped ioads and th , 

loads and their supported counterparts in 




Constraints 
PATRAN Results Files 

The interface writes a fil<= r 




R etum to Table_gICon 



fen ts 



■?2 



Sinda Read Output File Interface 
Sinda Write Input File Interface 

™de, in the FEM 

mode! consists of nodes and line elements reZenC ^^ " ^ ° f "-' Ve '" The ' - N «" 
thermal network. The Sinda input file is written fromt^ * , PaC "° rS a " d conduc ^s of the 
input blocks are written m the SINDA input fie netW ° rk m ° deL The followi "S SINDA 



TITLE 
NODE 

SOURCE (Only if heat sources are present) 

CONDUCTOR 

CONSTANT 

ARRAY 

EXECUTION 

VARIABLES 1 

VARIABLES 2 

OUTPUT CALLS 



Capacitors Dm 



Conductors Hm-i 

There are three conductor options: actual, area correction, and length correction. 



cotctlon 5S^£rSS^ d' len§th - L " ^ CakUh ' i0n ° f ^ conducunc, The area 
area indicated by dT^Si^^^^?* ™ ^ ^ *«» by usin" the 
the length by using the sum of the fe^^^T^ ^ ^ ™ Md C0TO:a 

dashed lines in Ficurc 7 The followi? S T, u * t0 the common elemen[ fa «- « shown b v the 
diffusion conductor ? ^ ,,SB h ° W the COndi:Ct0r3 wi " be modified for a standard 




Co ntrol Constants 

Appropriate control constants u/fn ^ ♦ 

• OUTPUT y 

• DTIMEH 

• DTIMEI 

• DTIMEL 

• ARLXCA 

• DRLXCA 

• ATMPCA 

• DTMPCA 

• CSGFAC 

• SIGMA 

• NLOOP 

If a steady-state execution procedure is selected rh, f n • 

• BALENG Se,eCted ' the fo «o*>ng control constants are output- 

• ARLXCA ' 

• DRLXCA 

• SIGMA 

• NLOOP 

Array Dntn 
i^ecutionJ3Iock 

Transie r s s^— ™« eMnsientmethods „ 

• SNADE 

• SNFRDL 

• SNDURF 

Available steady-state Methods include 

• SNDSNR 

• SCROUT 

• STDSTL 

• SNHOSS 

• SNSOSS 

Returnt °M!e<2L£on^ 



TexChem 



chemical species ' definition ' homd ^ coL T c ™ a Z P ? fied SSt of c hemicai 

Read TexChem File Interface 

This interface reads t^vPk • , 

material fi, es for rnod^ZT^ ^ a "^ sis ^ and TexChem c„ , 

-y be used in pos £^ S ^ -Nations from the v*^™?^^ 

Write TexChem File Interface 

This interface writes TpvPh. 

"sershould have defined f^-T™"" 1 m0del - md ™«ni«l flies Prior ,„ ■• 1 

solves the chem" ealh Pr0per "' es ' cratKl » model and ao^ld £ TMChe °' 

problem variaEi htfe£Ta ** ' « «SSr*' TexChem 

Material Properties 

^ ChemiS 5 f0 ' ,0Wing material Ponies 

Lhemical species (required) nies - 

• Specie name 
2- Chemical specie reaction data (optional) 
Reaction name. 

• Specific Heat C P 

• Isotropic conductivity 

• Chemical Specie Diffusivity: Do , D D P 

YD*. D 0 , D„ E A as used in the following equation 

D = D Re/ (D 0 +D l C)e^l 

• Chemical Specie Solubility S„,F 1t a- 

lay. S Ref> E A as used m the following equation 

R = R Re/ (R 0 + R x T)l*r) n c.«w 
Boundary Conditions 



User Input 

™ e S£££l? inrerface prompB - - f - * — *. «*— . 

• Solution method 

• Solution parameters 
Absolute tolerance ATol 
Relative tolerance RTol 
Maximum number of steps 
Spatial output times 
History output node list 

• Initial/Constant temperature 

• Initial conditions 

input as described above to the specified commnnH i ' . Y C0ndltl0ns ' material propenies, and user 
material files are generated by rlZtn. the cmd » e*enl f ""f 1 f " eS - The " ames of ™deTL,d 
"•model", and ".material" respectively ^ fr ° m the COmmand fiIe and appending 

Return to Table glContgnts 



Material Properties 

Material properties are an integral part of FEM Th P m ,, ■ , 

the analysis program being used The current „ I Properties that must be defined depends on 
MtoLPrope^. F & JbuM^ZZST c Pr ° PenieS are listed in ^SSl 

well as the ability to read and write ZSdZ^S?^ and ^ material^rnTs as 

maten 1 property file includes some propel It nt^^T' ^ Mentations If a 
special category called user defined properties ^ database ' ^ are treated as a 

a -rial id, and defining ta properties If the _ 
note that a material may be associated' X 5uSS£S, W ? n ^ *" * " » « 

to one and only one material. " P ' e matenaI lds - However, a material id can be associated 

Create 

^^^JSS^SZSS^^^ " e " - The 

oonvemence, properties are grouped into STSl ? ° E * e railttrial Reified For 

pb= d for due speeded ora.eHa, . c^^^^^^^'.- 

mouse buuon. This brings up a popup nSn„ Z£« 8 *' Pr0pe " ieS and P rKS « 'he riuh, m o st 
ndd,,,onnl temperature depe P de P pro^™„pu[ ' aPP,! " d ' and dcle,e '"ddtionality for 

Edit 

^■^nS^I^SSEtent! d ° SKl '° edi ' " iS,ins mmrials ™<J ** properties An 

^i&JSll^^^'W. including user denned proper* lyp<is 
redefined ,he user must press £ ^^^^ A^ape^y iJi^ 
property type. " * eutton ,„ order to saue the changes before selecting a different 

SEEEST" Pf0PMy *" ~ 65 «*" " * — «* - « m .he Ceo,, Materia, 
List 

This ' t rf 

prompted ^^^^SV^'j"^' in *« to the lis, window. The use, is 

— *» and ussoeioted ^SSS"^. Tbe specif 

Delete 



?6 



Tta Reset button will reset the nu.ber of leveis and ran^e back to th e ■ • 

t£ IT , § ° Ck to the optimized estimate °iven bv th. 

The actual scale factor senile th« a c 

Display 

in ,„e si „ s ,/ co ,„ ^l^ZZZt^T * **■ 
Ton c aCtUated ^ P re "'ng the color button. 



Top 

Vector Plots 
Result 



»PP- above *. c0 „,„ ur p? o r"' e ed " te 8 ™ - * oPPonu„ ily ^1"^!,^™ 
Deform 

Vector 



Display 

The Display tab allows the user to modify the display of the deformed geometry. These modifications 
include line style, display type, and color. 

The multiple color option will use the default color of the model. 

The single color option will allow the user to select a color from the color dialo* 

When in the single color option, the color dialog is activated by pressing the color button. 

Ipj2 

XY Plots 

XY plots are an important way of looking at result data. FEM Builder currently supports Time Hi story 
plots and Analysis Result plots. Modify Current Plot options give access to parameters controllin'c how 
result data is displayed. 

Time History Plots 

This interface is used to generate time history plots. They are generated using all the analysis result sets of 
a specified result type and component at the selected nodes or element centroids in the current model The 
option to average allows the user to average element results at nodes. The y-axis is defined by the models 
result data. The x-axis is defined by time. If no times are present, the result set ids are used for the x-axis 
values. The user may plot the results of the specified entities or the maximum, minimum, sum. or average 
of the set of selected entities. c 

Analysis Results Plots 

This interface is used to generate analysis result plots. They are generated usin 2 the specified result tvpe 
set, and component at the selected nodes or element centroids in the current model. The option to average 
allows the user to average element results at nodes. The y-axis is defined by the selected result set and = 
component. The x-axis is defined using one of the following three methods: ordered set of points 
coordinate axis, and curve(s). 

The ordered set of points method projects the selected entities onto the invisible line seement(s) and uses 
the relative distance between the projected entities to define the x-axis. The coordinate axis method uses the 
coordinates of the selected entities relative to the user specified coordinate system (default is the olobal 
system) or the work plane coordinates. The user specified axis of the selected system is used to define the 
x-ax.s. lhe curve(s) method projects the selected entities onto the user specified curve(s) and uses the curve 
parameters of the projected points to define the x-axis. 

Top 

Return to Table of Contents 
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Tools 

Coincident Node Check 

Th.'c ft , 



This function allows a finifp *? 
In the Check Coincident Nodes dial™ *. 



. Coincident node check 
Keep, Delete 

2 6 

3 7 
5 9 



Element Distortion Check 

SSS^ -n g several method , 

^e for errorT ~ » by breaking it up int0 ^^ 

Gauss Point Distortion: This function checks FEM el 

similar to checks made by ABAQuI buTnolT^' 0 " P °'' mS - The ^ are 
P0.nts are not the same. ^ bUt " 0t ' dentIcaI since the integration 

Pent area or volume is 
•ntegratton points is very small or negate ° b ' an " °" e 0r more ^uss 

For quadrilateral and brick ,i Pm . . 

J -* ■ « each i„,e 8 S *"* **«»* lines 

■l»n 45- or greater fa, 135- is found S Wa " ! is is!ue << if™ »»gte lass 

S«"fir* Sim * — ■ " > - I— <* or, 
^^^^ 

XrCT fM ^ C °— f a " and c „ mpared t0 ^ 

ferrcr corner ° f ° n **- - ™ wi, , h 

N01C: SSl 0 ^.**- te — = . (45, 45, 90 , „i„ 



Aspect ratio: 
Area ratio: 
Quad Angle: 
Triangle Angle 



Element Warping: 



norma] vectors. For triangles ftS a „ot, SCt ° f ° Pposin S c °™* 

the normal vectors for -g,e between 

After choosing Element Distortion Check in rh* t„ i 



The Default Error Tolerances Are: 

Aspect Ratio > 

Area Ratio < 5 -° 

Quad Ansle . • » 0.6 

Triancle Ancle °"ts ? de 90° ( + /-) 20 .0 

wn e ie Angle outside 45 o , / } 

Element Warping > ; 



1° 

10.0° 
15.0° 



«*. c« M ^, ClussMsthod2 Anyothermelho<)sthativerechosen 
y 33 A R QAnsie ta Bie 

the te's^fan'ed, 1156 ''^ et ^ values to compare with the error tolerances to determine under which criterion 
Options 



Mouse 



found, a poi„, 0 „ the wort |anJ w ™^' ^ £™ mlnrseonons are then considered. If no matches £ 



8i 



Work Plane 

a mouse dick wil, „o, Kt L c^^^Sl^^SS^ " " ™ ** 
J^SZtSST 41- " ° P,i ° n a "° WS ^ ^ 10 SPeCify «"»— — - - i« *W or 

Element Defaults 

The element defaults will be used ,o fill the dialog box for dement creation or editing. 
2^™^:^*'™* "° m * POp - d0 ™" "» ~ * ^nng "modes in rbe 

^^LT^^^W Th "? ^ * Geometrv 

Tbe Maurtol ID and Pnopnnfv ID bones allow ,he user ,o i„p„, a„ integer value for rbese defaul,, 
Subdivision 

The user can sc, up ,hc dcfnuhs for several methods of selecting defaul, curve subdivision. 

Se M^ZT """^ opto has not been implemented. 
Units 

me ? U f ° f ? °Tl° r Unit user selects one of the 

into the Units table T^SSS^Z" 'T' ™ SS > ^ ™ d tem P erature are ^ed 

Units table are available f£ ^editing ' ° f * Defined unit S * Stem ' a11 of the ^ i« the 

Return to lable^jXontents 



93 



View 

Display Settings 



The display settings include entitv Visih.iitv r 

elements w,th the same material ID. The Hidden tLh , a " d 30 elements not shared bv two 
the element onentafon via its checkbox. " d,s P ,a - ved - The user can turn on or off the visibility of 

Dynamic View 

The Zoom P " m ° St deSCn ' bed as M ^s. 

1 ne ^ 00m cursor mode allows the user »« L . 



The Reset function scales the model to fit in the view with the default orientation. 
The Autoscale function scales the model to fit in the view with the current orientation. 

Orientation 

The view orientation can be altered via keyboard input using the Eye Direction, Screen Rotate, and 
Model Rotate options. The Eye direction option requests the X,Y,Z vector that corresponds to the 
direction normal to the screen. The Screen Rotate option requests the rotation angles about the screen 
Z,Y',X" axes. In a similar fashion, the Model Rotate option requests the rotation aneles about the model 
Z,Y',X" axes. 

Dialog position 

The position of interactive dialogs can be specified as Left, Right, or Center with respect to the main 
program window. This setting is persistent between interactive sessions as is the location and size of the 
main window and list box. 

Status flags 

The Dynamic flag indicates whether the view should be redrawn repeatedly during pan, magnify, and 
rotate operations or just once at the end of the operation. 

The List Box flag indicates whether the list box should be visible or not. FEM Builder outputs information 
to the list box to indicate the status of operations. 

The Toolbar and Status Bar flags control the visibility of the same. 
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Overview 

^HSHf^J* u° !" teractive Program written by Thiokol Propulsion to provide Finite Element Modeling 

srd sasssr^ finite eiement modeis - and to pr ° vide ^sstst 9 

Fern Builder has a user interface similar to most PC programs with a menu bar, a toolbar and a status bar 
The program allows users to have one or more documents open at the same time. A document ^can conta n 
one or more fimte element models. Each document can have multiple views. 

File 

File functions allow the user to open, close, and save FEM Builder files. Read and write functions are 
provided to read files from and write fi.es to various analysis programs. Others are proviSo read and 
write material property files. The file translation option translates data from one fite^STtouSS^L,, 

ZclT^tTp^T M Bui,der document - which can save time if : ~ 

Create 

Creation functions allow the user create FEM entities, geometry, groups, material 12f o J2 erties meshin- 
boundary conditions, Chemical Sp ecies and Reactions ' upemes ' meshin ^ 

Edit 

Edit functions allow the user to edit FEM entities , .eometrv, material properties and element onions 

Delete 

SS^dJS^Sf 11 ^ — O-W Species ,„d 

List 

ttldTrv 1 Z^T Selec ^ d . FEM f ntities - element orientations, constraint ennnrion, groups, 
boundary cond.t.ons , analysis results, or material properties, information to the list window. 

Post-Processing 
Mode/ Information 

Mo^n^^°T 0Pmte 00 T fini,e demem m ° de1 ' the CUrrent modeL The Model 

d abTa o lit nL h ^ 7^° S f the CUfrent m0deI ' the model name - and the ™ d *' title. The 
dialog also lists other model-related information. 

Tools 

I^o^Z^T n0d ! e CheCk ' ?' emem diSt ° rti0n Check ' and cu ^omi Z able default options. The 
default opt.ons are e nt.tv pickmg , work plane use, element defaults subdivision , and units 

View 

vit d Sr1w USCd 10 : iSibiHty defaU ' tS ° f ge ° metr ^ entities ' fem entiti ^ and the 

view header. The v.ew onentafon can be specified directly via keyboard input. The view ori-in size and 

rx^r^d s d b r dynamica,iy using ^ «*««-. £ a. 

3^ 



Window 

Help ° 

The help option provides access to program version information. 

Program Defaults 

x, v. for «,« ckw coordinalK , 2 ££2^£ZZS£Z&Z? 

Returnt oIabJe_gIf^njents 



Keyword: ChemicalReactions 

The *ChemicalReactions card defines chemical reactions If chemicil rpirt;™* „» a r a ... 
should follow the chemical specie input and precede ^material Zpe^ hnu TheSnf $ ^ 
assumed to be zero if not defined. property input. The heat of reaction is 



* * 



Example: 

*ChemicalReactions 

Name, Heat or reaction, Units / Formula 
Salt 

Na + CI -> NaCl 
Water 

2(H2) + 02 -> 2(H20) 



Keyword: Material 



Example: 

♦Material, Aluminum 
♦Material, Steel 



Keword: Property 

teraStS'S y ? Pr0P ' rI! ' Va '" eS "'MMUikjHi. If a„v field in 



* 



Example: 
Property, Elastic Isotropic 
E, Nu, Temp 
PSI, IN/IN, F 
10300000., 0.3300000, 70.000000 
9900000.0, 0.3300000, 200.00000 



♦Property, Density 
Rho, Temp 
LBM/IN-IN-IN, F 
0.101000000,70.000000 



Keword: Attribute 

c\ h rdl S tnotd Ca by oneTm 0 ore S : e 0 c?H e ParameterS ^ Wi * Pr ° PertieS ° r ™ terials - ™* Attribute 
ro.iowed by one or more records containing parameters names, values and units . 

Example: 
♦Attribute 

TRef= 70.000000, F 
Keword: Note 

The *Note card is used to associate text with properties or materials. The note ends at the next keyword 



£>8 



Read 



togia). including property notes and SS^S^STT Ay ^ ^endix^Ma^ 
FEM .BuUder. Upon reading the file, the oser is pimp ed t Z^t^?? 9 ™™ "* br ° Ught int0 
to add to their corrent Fern Builder model. prompted t0 se ' ec t the material properties they would like 

Write 
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Appendix - Material Properties 
Material Property Classes 



Class Name 



Structural 



Thermal 



User-Defined 



Cu rrently Supported Material Properties 

Property Name ^ •^-rrr-^ — 



Elastic Isotropic 



Elastic Orthotop ic 



Property Value Names K 



Elastic Anisotropic 



Expansion Isotropic 



Expansion Orthotopic 



E, Nu, Temp 



El, E2 , E3, Nul2, Nul3. Nu23. ^Il ^^^T^ 



E1212, El 113, E2213, E33I3, E1213 E1313 13 f££ l^Z 
E1223^132VE^ El 12,, E2223, E.,23, 



Expansion Anisotropic 
Conductivity Isotropic 



Conductivity Orthotro gic_ 



Conductivity Anisotropic 



A, Temp 



Al, A2, A3, Temp 



AH, A 12, A22, A 13^2^^^ 



K. Temp 



K1.K2, K3.Temp 

DKa TV-* ^ _ ~~ ' ^ — 



Rho, Temp 




Material Property File Format 

£ r y ^°sf c e Ji m Ke r d cards begin with an - risk - 

is separated from the keyword by com™ A coZt^ ^ a " aSS0Ciated P ara « The parameter 
Comments and blank lines may be placed anvwh.T * V, o"'* ' m C0,umns one and tw °- 

input. Other than the keyword starin " column nV" f r ^J™* ^ bIank Hnes are ^° red ™ 
comma, the next line is LZ^^l J^tTl- » " " free ^ ^ If a Hne ends with a 
Property, Attribute, kW ** '' nC,Ude 

Keyword: ChemicalSpecies 

pUl * 1 ne mo,e cuIar weight is assumed to be zero if not defined. 

Example: 
*ChemicaISpecies 
**Name,MoIecuIar weight 
Specie 1 



Keyword: ChemicalReactions 

The *ChemicalReactions card defines chemical reactions. If chemical reactions are defined, this section 
should follow the chemical specie input and precede the material property input. The heat of reaction is 
assumed to be zero if not defined. 

Example: 

*ChemicalReactions 

**Name,Heat or reaction, Units / Formula 
Salt 

Na + CI -> NaCl 
Water 

2(H2) + 02 -> 2(H20) 

Keyword: Material 

The *Material card defines a material. All succeeding properties will be associated with this material until 
the next *Material card. The material name is a required parameter. 

Example: 

*Material , Aluminum 
♦Material, Steel 



Keword: Property 

The *Property card is used to define a property of a material. The property name is a required parameter. 
A *Material card must precede the *Property card. Properties are tables of numeric or character values. 
All property fields are comma delimited. The first card after the *Property card is a record containing 
property value names. The next card may contain property values or property value units . If any field in 
the record is numeric, the record is assumed to contain property values. All succeeding records until the 
next keyword card contain property values. 

Example: 

*Property, Elastic Isotropic 
E, Nu, Temp 
PSI, IN/IN, F 
10300000., 0.3300000, 70.000000 
9900000.0, 0.3300000, 200.00000 

*Property, Density 
Rho, Temp 
LBM/IN-IN-IN, F 
0.101000000,70.000000 

Keword: Attribute 

The * Attribute card is used to associate parameters and values with properties or materials. The * Attribute 
card is followed by one or more records containing parameters names, values and units . 

Example: 
♦Attribute 

TRef= 70.000000, F 
Keword: Note 

The *Note card is used to associate text with properties or materials. The note ends at the next keyword 
card. 



1( 



Example: 
♦Note 

Material properties extracted from TWR-I5995 
Space Shuttle RSRM Nozzle Materials Data Book 

Unit Specification Rules 

Propertyumjs^reexpected to consist of the following- 
Unit Type Inif Name s sS*^ :** 



Length 
Force 



Mass 



Time 

Temperature 



IN, FT, M. CM. MM 
LBF, LB. N. DYMP 



LBM, KG. GRAM, SLUG 
S, SEC, MIN. HR " 




"Property - . 


1 Units 


. tlastic Modulus 


PSI 


_Poisson's Ratin 


IN/IN 


Expansion Coefficient ~ 


IN/IN-R 
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Geometry Creation 

-» «M to aid in the definition T£ ^S^SSST"* ""^ * *"* h 
Coordinate an d Vector Tn p .„ Point 
^QridPlane ^e 
Coordinate System Surface 
Qm ^ Volume 

Coordinate and Vector Input 

Coordinate definition is fundamental to geometry modelina rwr , 

pomts and curves, and indirectly to define surface ^nd olu^ f * needed direct, y t0 defir * 
Fern Builder to simplify coordinate definition ^ A Un,f0rm method is implemented in 

works. Pick coordinate definition gets the oor ina tes of the , . , K T*" 8 ° f efflcient °P tio ". » 
the coordinates. Curve end points and ing 3 P ° int > or node - gets 

coord.nates of a mouse click on the work plane P ' Cked - Locate retriev '« *e 

can also be toggled on or off. P ' and ° Urve lnterse =t'ons. Mouse location and grid snap 

matches. When the program is in 

P.ck zone are considered first. Nodes, curve end D oin ts nnH t P P ° mt - P °' ntS Which fal1 withi " *e 
mate es are found, a point on the work pTne w 1 1 e^at d iZ T^ 0 ^ W If "° 

are allowed. p . De located - If the grid snap is on, only points on the grid 

c^::^zz ThTw 0 : n k piat r s rsr* or in the work pi ™ 

rectangular or cylindrical P C °° rdinate labe!s de P end on the work plane type- 

p£5£s:££££ f ::23^ Definin * an « ■* - 

definition. Vectors can be defined by ™^^^^S^ ,ted BuiIder t0 ^plify vector 

coordmate functions described above), by iK^SS^- * T^'" 2 tW ° P ° intS (usin § the 
Entered o^^^^ 

Top 

Work Plane 

■ mouse click will „„, relurn coor(Ws since toe nrn « * P " ' $ » >be view plane, 

defined bu, does not ha.e to be uj ™ a P °"" ' S Und , efined The w °* P'™= i> always 

aUow ,be coondina.es „ be entered i„ %25££?£3 jKSEi**" " » 



work plane allows the input of r,6,z coordinates. The work oiane akn hnc 

the coordinates received from mouse clicks. The user ca s cifv th Z T ^ ^ dutt COntro,s 
screen picks snap to work plane grid points. V 8 S1ZC increment whether 

Top 

Coordinate System 

f ^ - system origin, a point on 
the system origin, a pointon me poshive f^^^^T^ ^ Specif 

spherical coordinate system. P * e ra - plane creates a cylindrical or 

Top 
Point 

A point defines a location in three-dimensional space. Points can be created hv „vi ■ 

curve end points, curve intersections hv «.~-„ iL,,- t . y P ,ckin S P 0 "its, nodes, 

Top 
Curve 

A curve is a ,i„ e . arc , circle , or sp „ ne de(]ned .„ „ ^ or ^ ^.^.^ ^ 

condirions: iro cumSsrSfed « COnd '° 0nS - ^ ,W0 of P 0 *"" <»« 

^dSfi^SS^if" fU " C,i0n - Whkh ° — tod - <- -ta- curve, e„ 

Joe 

Surface 

reifying all rlre bound 2 cum ' Sl*f m ? UWl Tte B <""" Jary funaion creaMS " W 
curves rhrough « given d£3me» 3T r , " * SUlfaCe b » "'""^S a sel °f connected 

curves noouu,, 4 J^T^^^S^S" ' S «' fa * ™'™* ■ - 



If 



Future surface functions will include other creation options such as sweep, loft and mesh of curves, as well 
as split and join. 

log 

Volume 

A volume is a three-dimensional space bounded by a surface or surfaces. Volume creation functions 
include boundary surfaces, extrude, and revolve. The Boundary function creates a volume by specifying all 
surfaces that enclose the volume. The Extrude function creates volume using a surface and an extrusion 
direction and distance. The Revolve function creates a volume using a surface with an origin, an axis of 
revolution, and an extrusion angle. 

Future volume function will include sweep, split and Boolean operations. 
Top 

Groups 

FEM Builder supports the creation of point, curve, surface, and volume groups. Unlike node and element 
groups, these groups are not supported by and may not be imported through the Ideas Master Series 
interface. The group creation functions allow selection of the points, curves, surfaces, or volumes after 
which a group name may be specified. If the specified name already exists, it will be replaced. 

Top 
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Create Finite Element Model Entities 

Node 
■Element 

C ^strainteq iinhnpc; 
Mesh generation 
Group s 

Boundary ConHir^ 

Node 
Element 

Tog 

Constraint Equations 

• Constrain nodes Jo free faces 

• Constrain nodes to adjacent nodes 

Constrain Nodes t„ Elements 

system is determined. Tne element s„ ape . 



etahTO ^mo^^toSSS^ft/StaSf m cxfr " :ic '" lolerance is used m 
Constrain Nodes to Element Free Faces 

Const rai Nodes to Adjacent Nodes 

^ ncients, and the constra.nl equation is created. 

Groups 

Too. 

Boundary Conditions 




Force 




Set IT) 


1NO 


Constant 


Moment 


Nodp<s 


Set ID 

Owl UL/ 


Mo 
1NU 


constant 


Tpmnprnturp 


liUUCo 


Spt rn 


1N0 


constant 


Convection 


IwlClllCllL 11CC IdLtJ 


9pt th 


Vac 

i es 


Constant 


Radiation 


Plpmpnt frp#» fn^pc 


spf Tr> 


i es 


Constant 


Heat Flux 


Element free faces 


Set ID 


No 


Constant 


Point Source 


Nodes 


Set ID 


No 


Constant 


Volume Source 


Elements 


Set ID 


No 


Constant 


Specie Concentration 


Element free faces 


Specie name 


No 


Constant 


Specie Convection 


Element free faces 


Specie name 


Yes 


Constant 


Specie Flux 


Element free faces 


Specie name 


No 


Constant 



The restraint boundary condition has six degrees of freedom. The user can select one of six types to define 
which degrees of freedom are restrained. 

1 . Specify - restrain whatever the user selects. 

2. X Symm - restrain translation in the x -direction and rotation about the y and z-axes. 

3. Y Symm - restrain translation in the y-direction and rotation about the x and z-axes. 

4. Z Symm - restrain translation in the z-direction and rotation about the x and y-axes. 

5. Pinned - restrain translation in the x, y and z-directions. 

6. Fixed - restrain translation in the x, y and z-directions, and rotation about the x, y and z-axes. 



In order to create chemical species boundary conditions, the user must first define (create) the chemical 
specie to be applied as a boundary condition. 



Constant 

This method of boundary condition creation applies to all types of boundary conditions. Boundary 
conditions are created in a two-step process: 

1. Selection of the nodes, elements, or element faces to which the BC will be applied. 

2. Specification of the BC set ID and value or values. 

Tabular 

Not yet implemented. 

Interpolated 

The interpolation method of boundary condition creation is used for creating enforced restraints based on 
the deformation of an existing structural model and for extracting pressure loads from CFD models. 
Selected nodes or the centroid of selected element faces are projected onto the grid that has the specified 
analysis result in a manner similar to that used for result interpolation . Boundary conditions are created in 
a two-step process: 

1. Selection of the nodes or element faces to which the BC will be applied. 

2. Specification of the model and result to interpolate from, the maximum projection distance, and the BC 
set ID. 



is 



Isentropic flow 



The isentropic flow method of boundary condition , • • 
2- Specification of the BC set ID thnw a- l a pplied. 

Symbols 

Structural and Thermal 

Pressure 

Force Moment 



Temperature 



Convection Radiation 

Heat Flux Pomt Source Volume Source 



Species 

Concentration Convection F]ux 
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Create Finite Element Model Entities 

FEM Builder supports the creation of nodes e! Pm „ , 

cond *ons. n ° deS ' eIeme ^ constraint equations, groups, and boundary 



Node 
Element 

Constraint eqimhW 
Mg sh generation 
Groups 

Boundary PnnH; r j nn . 



Node 

The same coordinate input method used for , 



• points is also used for node coordinate input 
Top 

Element 

Top 

Constraint Equations 

tote el OT e nt model. The constrain, ^ ua °„',° 25 bv S,™ ^ ^onships berween nodes in a 

ssrt sttxarrs Fem B r —* -*« ^ - - 

seta ,he desired degrees of freedom S„t« n 2 Z ' hi COnS,rain, Se»er^Tm«hod 

usea 10 near zero coeffici™, 7™ " Z .™ ar> ,0,e ™« s - The aero 

coefficient tolerance 

■nchcate the maximum allowed distance to mot TZT^ 10 ^ The move node tole ™« * used to 
•elect.cn where the nodes to constra.n are iX a l 1 f ™ ^ in C ° nStraint Wizanl is node 
are then selected. The last page of the Constrah W. I T ^ e ' ementS are 'hese elements 

e mish butt0 " generates the constraint eauatinn^ ^ 

is a summary of the options selected. Pressing 

• Constrain nodes to free faces 

• ^strain nodes to adjacent nodes 

Constrain Nodes to Elements 



loo 



functions are evaluated at this natural coordinate position The zero ervffv , 
ehmmate near zero shape function values, and the shape funcln?,. 6 " 1 t0 ' eranCe is used t0 
d.splacement coordinate system for each node tZ ^ZT UCS 3re norma ^ed. Using the 

undergoes a coordinate system ££££ t^Z^Ts ^ ^ *« "° de 

constant equation. These coefficients are again compared wi 2 " ""T" " ^ coef ^nts of the 
near zero coefficients, and the constraint equals crated ° C ° eff,C,ent t0lerance t0 e,i ™™e 

Constrain Nodes to Element Free Faces 

^^^^^^^^^ free face to me node that is b ein 2 
determined, and the node is moved to Z^t^tt^Si C °° rdinate SyStem is 

w.th,n the move node tolerance. If not, i^cSSS^W if new locatio " * 

are evaluated at this natural coordinate position Te I Sm ^ ^ ^ fUnCti ° ns 
zero shape function values, and the shape functio .value S, 1 ??? ' S USCd t0 eliminate near 
coordinate system for each node the shane S . normalized. Using the displacement 
system transformation. The ^oftJSS^^ESJ* *" ?? 3 C00rdin - 

These coefficients are again compared with the zeTcoeTc $ ,° f 1,16 C ° nStraint e ^ uation - 
coefficients, and the constraint equation is created " '° diminate near zero 

Constrain Nodes to Adjacent Nodes 

coordmate of the node to constrain relative ^ " The P arametric 

function is evaluated at this parametric coordinate To 2v t de f term,ned - lin <^ interpolation 
linear line element. The zJoc^ntZ^Zl ^ ^ t0 those of * 

the shape function values are normalized. U^S^"^ ™ ™° f — ion values, and 

Top 

Groups 

Nodeandelementgroups 

groups may not be imported fluid, the Ideas Mas te S£ T J 5 H ° Wever ' element fa <* 

creating boundary conditions sincere p ec se Lt of ace s n £ > ^ ^ gr ° UpS are USeful in 

creation functions allow selection of the noT, It , , '° aded may be selected - The group 
specified. If the specified ^^^^^ Which a W — -ay £ 

Top. 

Boundary Conditions 

entities and is ktadfled by . load s«?d or s„™ ' ^™<^<" Wlied .„ one o, more FEM 
emperatures associated ,o ,hem. ^ ■K,S r ''. fc l ta *' «*«*>* have reference 
mlerpolaled. and isenrropic flow. StaSSf ! b ° und ="-y =°ndicionsr consnam. tabular 

conddions, daeir paranaeL, n„d *£ ^JEEZS?" """""" ^V*"'* ' 
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Force 
Moment 
Temperature 
Convection 
Radiation 



SetlD^ 
_Set ID 
_Set ID 
Set ID 
_SetID 
Set ID 
Set ID 
Set ID 
Specie name 
Specie name 
Specie name 



Constant 
Constant 
Constant 
Constant 
Constant 
Constant 
Constant 
Constant 
_Constant 
Constant 
Constant 



'■ Speedy- restrain whatever the user se | KB 

restrain translation in the x, y and z^iirec^ons, and rotation about the x, y and 2-axes. 



2. 
3. 
4. 
5. 
6. 



^sss^ss - - „ firsi denne (creaK) ihe ctemicai 



Constant 



Tabular 

Not yet implemented. 



Interpolated 



in 



Isentropic flow 

. S.l«Bon of ft. .,.„,.„, faces » which *. B? : X Z, LT^ ""^ 

Symbols 



Structural and Thermal 



Pressure F 

^ or « Moment Temperature 



Convection Radiation Heat Flux Pnin,c 

"eat Mux Pent Source Volume Source 



Species 

Concentration Convection Flux 



Iqe 
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Mesh Generation 

Meshes can be created in FEM Builder on surfaces and volumes . Structured (mapped) and arbitrary (free) 
meshes are easily generated. Users select a geometric entity to mesh, and specify a mesh type, the mesh 
parameters, and the curve subdivision. The user may preview the mesh before creating it. 

Surface Mesh 

A mesh may be generated on a planar or non-planar surface. Linear and quadratic order triangular 
elements and/or quadrilateral elements are used when meshing surfaces. 

Structured Surface Mesh 

A mapped mesh is the most straightforward and intuitive method of meshing. The boundary curves of a 
surface must be collected and divided into four edges. A regular grid is formed on the "four-sided" surface 
by mapping points on opposite sides together. A structured mesh is a mapped mesh or some hybrid of a 
mapped mesh. There are four varieties of structured surface meshes that can be generated in FEM Builder: 
mapped, ID-transition, 2D-transition type 1, and 2D-transition type 2. Each of these mesh types is shown 
in Figure 8 . 



A standard mapped mesh can only be created when opposite sides have equal subdivisions. A ID- 
transition mesh modifies a regular mapped mesh by subdividing one row of elements on an edge to obtain 
finer curve subdivision. Both 2D-transition meshes are constructed from two mapped meshes — one central 
mesh and a "wrap-around" mesh — to mesh surfaces with irregular subdivisions. This set of structured 
mesh types will mesh most curve subdivisions. 



Arbitrary Surface Mesh 



Top 

Volume Mesh 
Structured Volume Mesh 

connect ,„ fc ur Lrf^„7„p ™ 7„ S^^JJS?' 7 " ith Wrf - 

mapped. iSnuS^S^r^ " mK *" Ca ° be * <n5r: "= d FEM 
with i he r resSSL^hT T ' and , 2D ;" MS '"°" W 2- These meshes correspond direal. 

.hird dmSofta^^SZ^'S^- V ° l,,n,e meSh Ve ' Si0 " ° f ,hese ™hes/,h e 



(OS" 



Arbitrary Volume Mesh 

Arbitrary volume meshes have not been implemented 
Ion 
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Mesh Generation 

Meshes can be created in FEM Builder on surfaces and volumes . Structured (mapped) and arbitrary (free) 
meshes are easily generated. Users select a geometric entity to mesh, and specify a mesh type, the mesh 
parameters, and the curve subdivision. The user may preview the mesh before creating it. 

Surface Mesh 

A mesh may be generated on a planar or non-planar surface. Linear and quadratic order triangular 
elements and/or quadrilateral elements are used when meshing surfaces. 

Structured Surface Mesh 

A mapped mesh is the most straightforward and intuitive method of meshing. The boundary curves of a 
surface must be collected and divided into four edges. A regular grid is formed on the "four-sided" surface 
by mapping points on opposite sides together. A structured mesh is a mapped mesh or some hybrid of a 
mapped mesh. There are four varieties of structured surface meshes that can be generated in FEM Builder: 
mapped, ID-transition, 2D-transition type 1, and 2D-transition type 2. Each of these mesh tvpes is shown 
in Fig. 8. 



A standard mapped mesh can only be created when opposite sides have equal subdivisions. A ID- 
transition mesh modifies a regular mapped mesh by subdividing one row of elements on an edge to obtain 
finer curve subdivision. Both 2D-transition meshes are constructed from two mapped meshes — one central 
mesh and a "wrap-around" mesh — to mesh surfaces with irregular subdivisions. This set of structured 
mesh types will mesh most curve subdivisions. 



Arbitrary Surface Mesh 



meshes g eneraKd by FEM Builde? are eito W^Zl ^ b , e T^"" int0 "™n B . Arbitrary 
' S ^-~^,.era lm ^ 



Top 

Volume Mesh 
Structured Volume Mesh 

connected to four surfaces and opposite of he otSer A T by * SUrfaces > ^ "ch surface 

mapptng points on opposite sides^ether A Structured mesh^ ^ * ^ ° R * e Si *" sided v °'«™ bv 
mapped mesh. There are four varieties of struct rS 1 ' S 3 mapped mesh or s °™ hybrid of a 
™pped ID-transition, 2D-transitio typ ™ 2D I T Can be " ene ™ ed " FEM Builder 

wuh the.r respective surface mesh ^^^^^ ml? ^ mCSheS C °™^ ^ 
third d.mens.on of the meshes is mapped This vitlrf, ? Sh VerS '° n of these tra "sition meshes 'the 



Arbitrary Volume Mesh 

Arbitrary volume meshes have not been implemented yet. 
Too 

Return to Table of Contents 



Material Properties 

Material properties are an integral part of FEM. The material properties that must be defined depends on 
tte analyse program being used. The currently supported material properties are listed in Aooendix 
Material Propert.es . Fern Builder supports the ability to create, edit, list, and delete materi al propenies as 
well * ; the ability to read and write material property files, and specify element material o S If a 
material property fi e mcludes some properties that are not in the FEM database, those files are treated as a 
special category called user defined properties. S 3 

A material can be created with or without associating a material id, and defining its properties If the user 
does not define material id(s) and/or properties, they may do so when editing the material It mportant to 

?a£S oty^ mlriar iated mUltiplC materfaI ^ H ™ — id b " d 

Create 

InmrofTh^ ? ea ! e ' MatCrial Pr ° Perty ° Pti0n iS USCd t0 Create new materials and ^eir properties The 
name of the matenal to create and the element material Ids to associate with the material are specified For 

l7ZallTT S rr S T Ped int ° Cl3SSeS - Pr ° Perty ClUSSeS inC ' Ude StrUCtUra! ' dermal 'chem al 
and user defined. User defined properties may be edited but not created. 

Upon selecting a property type, the user can enter the property values. The user must select the Apply 
tTr L" °h / ^ aVe ,"7 V3lUeS ° f 3 Pr ° peny bef0re changing P r °P e «y types. When a propenv has 
propertfes ' b ° X Wi " aPPear t0 k in ^ ,ist ° f SU PP orted ' 

If the user is in create mode and selects an existing property, any changes are treated as if in edit mode. 

Temperature dependent properties are supported. In order to add additional temperature dependent values 
1 t P h E K SCr Pl3CeS thC m ° USe ° Ver the grid COntaining the Properties and pressed the rSh mo t 

addWona" tel?'! T Up J f P ° PUP raenu ^ pr ° videS inSert " a PP end - and deI *e functionality for 
additional temperature dependent property input. 

Edit 

The menu bar Edit, Material Property option is used to edit existing materials and their properties An 

7 ^ Se ' eCted fr ° m thC P ° p - dOWn me " U in the ^ Material d "'°S box' aSd h 'list of 
material ,ds associated with the specified material may be modified. a me list or 

FxkHna may C y eatC Pr0PertieS ° r may edk any Cxisting P r °P ert y> includin S user defin ed property types 
redefin^ th C ° ntain a CheCkCd b ° X neXt t0 k in the P r °P ert y list - After » Property is added or 

V0 P ™^ USeV Pr6SS APPb bU " 0n ° rdCr t0 SaVC ChangeS bCf0re Se ' eCting 3 different 

Jr P p ?rdTai d og pendent property values can be added in same way that they are in the create ' Material 

List 

ImmnTH?" * T * ?• 'f mt pr0 P erties in the database 10 th * "st window. The user is 

prompted to specify which materials and their associated properties are to be displayed The specified 
matenal(s) and associated property definitions are displayed in the list window. P 

Delete 

InitHr^f ^ USed ? ddete mate " aIs and th0ir existing P r 0P^ties. The user is able to delete any 
material and associated properties that is created or read into FEM Builder, including user-defined 



properties. If all the properties are deleted for this material „, * 

should be deleted as well. ateml name the use ' will be asked if the material 

Read 

This interface is used to read material properties from a ■ . 

Fern Builder (.fdb extension) file. It r^^^mSSt T? Cpdb eXtension) file 0r from a 
fmPMies), including property notes and S^^Sl!"^^"^ (SCe ^^MmM 
FEM Builder. Upon reading me file, the u er i promo ed t Z ^9^7^^- 
to add to their current Fern Builder model P Se,CCt the material P ro P erti « they would like 



Write 
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Chemical Properties 

Chemical properties consist of chemical species, chemical reactions, and chemical specie/reaction related 
material properties (specie d.ffusivity, specie solubility, and reaction rates). These properties are a 1 
interrelated. Chemical reactions define how species react and so may only refer to SSSSSS 

hmTh rh S "f 1 ^ diffUSiVity f ChemiCal SpeCiCS d£ P end the material they are 
2 1 T rea , Ctl ° n T S ^ dS0 d6pend ° n ^ su ™nding serial, e. S . the suno^in." 
material may be a catalyst to the reaction. As a result chemical specie solubility specie diffusivitv and 
reaction rates are defined as material properties. ° my, specie airrusivny, and 

Chemical Species 

S^ht*? T deg T S ° f freed ° m in 3 Spede diffusion P roblem such as th ^e solved by TexChem 
For each defined chemical specie, appropriate specie boundary conditions should be created. Chemical 
specie solubility and diffusivity properties should be defined for each specie in each material. 

Chemical Reactions 

S^uSSS ^° rmUla defineS T SPeCieS reaCt - AS reaCti ° nS 3re defined > if the reacti °" formula 
refe s to undefined chem.ca! spec.es, the user .s given the option of creating the undefined speciefs) The 
reaction formula is in the following form. 'ucnnea specie^;, ihe 

coef R1 (specie sl ) + ... coef Sn (specie*...)^ coef M (specie„) + ... coef P:n ( specie,,) 

Where coef R] ,...coef Rn : Reactant stoichiometric coefficients 
coef PI ,...coef Pm : Product stoichiometric coefficients 
specie R ,,...specie Rn : Reactant species 
specie P1 ,...specie Pm : Product species 

L a requi re r etriC C ° efflCient ^ 1 th£n " either the C ° efFlCient n ° r the parenthesis around the ^ name 
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Edit Geometry 

FEM Builder supports the editing the work plane, points, curves, surfaces and volumes. The same methods 
in getting coordinate and vector input in the create geometry dialogs are used in the edit geometry dialogs. 

Work Plane Surface 
Point Volume 
Curve 

Work Plane 

The work plane is used to simplify geometry modeling. For example, when locating points with the mouse, 
screen pick points are projected onto the work plane. If the work plane is perpendicular to the view plane, 
a mouse click will not return coordinates since the projection point is undefined. The work plane is always 
defined but does not have to be used. For example, when keying in coordinates, a checkbox is displayed to 
allow the coordinates to be entered in global coordinates or work plane coordinates. 

By default, the work plane is initially located on the xy plane of the global rectangular coordinate system. 
However, the user has the option of making it rectangular or cylindrical. The work plane also has a grid 
snap option that controls the coordinates received from clicks of the mouse. The user can specify the grid 
size increment and whether screen picks snap to work plane grid points. The work plane can be placed on a 
local coordinate system plane, or moved to any position. The user can edit its position by entering vectors 
for its X and Y axis or by selecting one of three definition methods. They are select a local coordinate 
system plane, translate the work plane, and rotate the work plane. The work plane is either rectangular or 
cylindrical. A rectangular work plane allows input of .r, y, z coordinates; a cylindrical work plane allows the 
input of r, 0, z coordinates. 

Ion 

Point 

The edit point color option allows the user to select any number of points using one of the selection 
methods to identify them. On the color page the current default point color has the focus and will be used if 
the user does not specify another color. 

Top 
Curve 

There are four ways to edit curves. They are Split, Trim/Extend, Subdivision, and Color. 

The edit curve split option allows the user to select a curve and specify a split location along the curve. The 
user may specify this point by location (coordinate input, picking, or locating), by specifying a distance 
along the curve, or by specifying a parametric percentage of the curve. If the location point is not on the 
curve, it is projected onto the curve and the split is performed at the projected point. 

The edit curve trim/extend option allows the user to select a curve and specify a trim/extend location. 
Coordinate input, picking, or locating a point defines the location. If the projected location falls on the 
curve, the curve endpoint closest to that location is trimmed. If the projected location does not fall on the 
curve, the curve endpoint closest to that location is extended. Similar to split, when picking or locating a 
trim point it is projected onto the curve. The switch button allows the user to change which end of the curve 
to trim. 

The edit curve subdivision option allows the user to select a curve and specify the type of subdivision in 
relation to meshing. The subdivision types are uniform, end bias, and center bias. The user can also specify 
the number of elements and the size ratio. 

u3> 



the user does not specify another color. * Ult P ° mt CoIor has the foc ^ and will be used if 
log 

Surface 

if the user does not specify a „ 01 her color " co,or has * e f °<™ ™d will be used 

ES^Sr ^ '° ** ° r *»" ' - *• una, tat wil, be used 

Top 

Volume 

Sr,i™s 

*e user does not specif, an0I her colon. P °"" colt " has Ihe <°«* »"d will be used if 

St'vlr Sr " Ser W « "»~ « «*~ - -U - -ribu.es , ta , ta wil, be used 
Ton 
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Edit Finite Element Model Entities 

FEM Builder supports editing the . . . 
Node 

The edit node Definition option allows the user to select any node for editing. The selected nodes will be 
assigned the displacement system and coordinates as input by the user. On the edit node page the current 
work plane displacement system has the focus and will be used if the user does not specify another 
displacement system. The default coordinates are the current coordinates of the node. The Apply button 
and the OK button will replace the values for the node with the values from the dialog box. 

The edit node Color option allows the user to select any number of nodes using one of the selection 
methods to identify them. The selected nodes will be assigned the color selected by the user. On the color 
page the current default node color has the focus and will be used if the user does not specify another color. 

The edit node Displacement System option allows the user to select any number of nodes using one of the 
selection methods to identify them. The selected nodes will be assigned the displacement system selected 
by the user. On the displacement system page the current work plane displacement system has the focus 
and will be used if the user does not specify another displacement system. 

Top 

Element 

The edit element Definition option allows the user to select any element for editing. The default values are 
the current values of the element. Upon selection of an element, the user can modify the geometry type, the 
analysis type, the material ID, the Property ID, the hybrid flag, the reduced flag and the nodes that 
comprise the element. The Apply button and the OK button will replace the values for the element with the 
values from the dialog box. 

Hybrid elements are primarily intended for use with incompressible and almost incompressible material 
behavior. 

Reduced integration elements use a lower-order integration to form the element stiffness. 

The edit element Color option allows the user to select any number of elements using one of the selection 
methods to identify them. The selected elements will be assigned the color selected by the user. On the 
color page the current default element color has the focus and will be used if the user does not specify 
another color. 

The edit element Orientation option allows the user to select any number of elements using one of the 
selection methods to identify them. The selected elements will be assigned the orientation selected by the 
user. On the orientation page the current default element orientation has the focus and will be used if the 
user does not specify another orientation. 

The edit element MID option allows the user to select any number of elements using one of the selection 
methods to identify them. The selected elements will be assigned the material ID selected by the user. On 
the MID page the current default element MID has the focus and will be used if the user does not specify 
another MID. 

The edit element PID option allows the user to select any number of elements using one of the selection 
methods to identify them. The selected elements will be assigned the property ID selected by the user. On 
the PID page the current default element PID has the focus and will be used if the user does not specify 
another PID. 
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Element Orientation 

General material orientation is specified bv three Fn W *naUc H fl R • i , . 
to the global model axes. The fim Euler an*le h iS^S^Jf^^ ° nentation axes with res P e « 
about X". This interface is usedTo ^tea^SZT S£COnd about and the third 

The user is prompted to ^^o^^^^^f ^ Cement's orientation, 
orations are associated to the materials b y wayof T^^* f£XSS etent 

=S There are two 

The following table shows the ways of defining o^lZloZT^lt ™ ^ " 3 ^ 



Define all Axe s 
Ply tilt angle 



Vector directions 



Coordinate system 
Euler angles 



Element edges 



Define each Axis 
Vector directions 



Curve tangent (rotating) 
Curve tangent (stationary) 



Ply Tilt Angle 




Vector Directions 

and then pick points or enters a va lie for L vll h ' ^ ^ ser t peafies «">■'<* material axis to define 
twice for defining each of the first two it T £ ^ the matCrial axis - This inte ^ce appears 

the other two. ' ° matena ' VCCt0rS - The third is co ^puted using the cross product of 

Coordinate System 
Euler Angles 

a*, S in lB „ ew posltio „ afttr ,„ e ^^ZL ^^ " ^ PnmeS ** Mi <°* » 

Element Edge 

The element edge option prompts the user to specify which matena. axis is aligned to which element edge. 



Curve Tangent 

specified, to oseris proved ^StiSr* " -recurve is 
^forl^ 

second vector is redefined using ,he cross product of and tod «cS rtm ""' n2 ^ 
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Result Functions 
Superposition 



Superposition creates new sets of analysis results rh-n ^ i; nfl „ „ r - . 

function will either create a result for 2 o Zre^Z ^ZS^Z^T^ ^ The 

lop 

Interpolation 

Interpolation functions allow interpolation of analysis results between *HHc ; * f 

and interpolation to other locationTwithin the same ^odeL ' ' ' ^ ^ m ° dd l ° an ° ther ' 

Interpolation between grids 

The function has the following steps 

' S£ ssa^sa-- modei <° — -« — «« * ^ - - 

The function requests selection of results to be interpolated on the /ro/n-model 
Based on the jprev.ously specified result location, the function allows selection of the nodes or 
( elements on the to-model to which the result is to be interpolated 

Jpecified Pr ° jeCti0n diStanCe reSUking analySiS SCt f " e ' Ste P' increment > »d «« name are 
Interpolation to nodes 

itcu stssss r!e s d to T n h odes ai ;° ws seiecti ° n * the centroidai ° r eiemem n ° da < *> 

elements P? rCSUlt ' S C ° mpUted by avera S in § the result f™ connected 

Interpolati on to element centroids 

result SS-2 ST 1 " - e reSUUS t0 e ' ement Centr ° idS a ' l0WS SelecUon of the or element nodal 
results to wh.ch the functton « t0 be applied. Interpolation is performed using the e.emem sTape Unctions 

Average re sults on elements at nnHes 

^^^Z^TffT 5 Se ' eCti0n °l the Centr ° idaI ° rdement " 0dal r£SuIts * Vhich the 
material D W ? . C ° mpUteS the aVeraSe r£Sult for con "ected elements with the same 

ES as arf ^2 noIX " ~ 8 4 ^ ^ di ' W — ^eTu.t 
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3. 
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Result Display 
Deformed Geometry 
Result 

S^t^^'^ « - results by „ «, id . WhM def0 ^„ 

Deformation 

v,ew - " thC deformat 'on according to the given percent of the 

Display 
Undeformed 

Top 

Contour Plots 
Result 

spec.fy the CAXA ansle. The user can InZ^F fu he " contourin g a CAXA mode! the user can 
materials in order to Create a ^^Tb^l* 0 "" S? [ ° ^ th < ^ 
opportunity to custo.i, the tide that w^e^ - user the 

Legend 

.eve, to disph.y and their ran.. The user 
ange. The user can modify the number of lc« so he r * est,mate o f ""-- number of levcb and 
range or mcremen, or a percent of the range or incremcm ' ,,,CremenL Th ° ^ e »" r ;1 " actual 



APPENDIX II 

The compact disK attached ,o the specification and incorporated into the 

system embodiment and method o, the invention. This computer software comprises 
*M Buiider, which h as oeen ouitt by engineers at Thioko , ^ 
City, Uta, The PHM Buiider software operates accordin g to th e principies of the 
-ention ,o accompiish coup,in g of multipie finite anaiysis programs through , he 
of a graphical user interface and/or a scripting ianguage. 



use 



APPENDIX 111 

figs. 12-92 comprise a computer program listing j n the form 

of printouts of the file names and directories contained on the compact disk that 
comprises Appendix II of this specification. Included are directories and 
subdirectories, file and directory names, file types, file sizes in bytes, and creation 
dates. 
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